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SYSTEM FOR CONFIGURATION AND
IMPLEMENTATION OF AN ASSIGNMENT
AUCTION OR EXCHANGE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of priority under
35 U.S.C. §119(e) of U.S. Provisional Application No.
61/262,462, entitled “MaaX Assignment Auction and

Exchange System,” filed on Nov. 18, 2009, which 1s hereby
incorporated by reference 1n its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to on-line systems
and methods for the exchange or allocation of goods or ser-
vices, and more specifically relates to systems and methods

for on-line multi-product, sealed-bid auction and exchange
markets.

2. Description of the Related Art

The problem of communication complexity 1s endemic to
trade and resource allocation: any mechanism that promotes
gains from trade must elicit suificient information from par-
ticipants 1n order to 1dentify which participants want different
items. Reducing the complexity of the information elicited
for efficient exchange 1s among the most important practical
problems facing mechanism designers. For example, 1n the
National Resident Matching Program (NRMP), which places
doctors mto hospital residency programs, for a hospital that
interviews fifty candidates 1n the hopes of employing ten to
report 1ts preferences fully, the hospital needs to rank, from
most-preferred to-least-preferred, not simply all fifty candi-
dates, but rather all possible subsets of ten or fewer doctors
from among the fifty. Such a rank-order list would have
approximately 1.3x10'° entries! In the completed FCC auc-
tion 73, which sold 1090 radio spectrum licenses, a value
report for all non-empty collections of licenses 1s a vector of
dimension 2'%7?-1=1.3x10°*®. These examples illustrate the
lengthy report problem which, for moderate sized applica-
tions, renders useless any mechanism requiring full, unstruc-
tured reporting of preferences.

There are two conventional approaches to mitigating the
lengthy report problem. The first approach simplifies the set
of reports to reduce the reporting burden on participants. For
example, hospitals 1n the NRMP report rank order lists of
individual candidates together with a number of available
positions, rather than lists of sets of candidates. In the
example from the preceding paragraph, a list of candidates
has a length of only fifty, which 1s practically manageable,
and the NRMP algorithm imputes preferences over sets of
candidates to make use of the limited reports. This simplifi-
cation has performed well enough to be used for a long period
of years, partly because 1t satisfies the important fidelity prin-
ciple that a simplification should represent actual preferences
to a good approximation 1n a large set of realistic cases.
Nevertheless, Internet discussion groups detailing annoying
limitations of the NRMP underscore 1ts restrictions on pret-
erence reporting.

In mechanism design theory, the term “simplification™
refers to a mechanism that 1s obtained from some original
“extended” mechanism by restricting the reports available to
participants. In a simplification, 1t 1s possible that for some
preferences, some profiles of reports that were not Nash equi-
libria of the original unrestricted mechanism can be Nash
equilibria of the simplified mechanism. These additional
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equilibria may have very different properties from the equi-
libria of the original mechanism, fundamentally changing the
character of the mechanism of the simplification. A simplifi-
cation 1s tight 1f, for a wide set of specifications of preferences
of the mechanism participants, all the pure Nash equilibria of
the new mechanism are Nash equilibria of the original mecha-
nism. Tightness 1s an important property of a simplified
mechanism because 1t guarantees that the simplification pre-
serves some key properties of the original mechanism,
regardless of the preferences of the participants.

The second pure approach to the lengthy report problem
employs a dynamic mechanism with staged reporting of
information. Such mechanisms economize reporting by only
asking for partial information, which may depend on what has
been learned 1n earlier stages of reporting. Ascending and
descending multi-product auctions are dynamic mechanisms
of this sort which have been popular for commercial applica-
tions. These are typically applied when similar but distinct
goods are being sold, such as radio spectrum licenses to use
different but nearby frequencies, commodities available at
different locations or times, commodities available 1n differ-
ent grades or with different amounts of processing or com-
modities subject to different delivery guarantees or contract
terms. When goods are substitutes, modern simultaneous
ascending or descending auctions—in which various goods
are sold 1n auctions that take place simultaneously and are
linked by so-called “activity rules”—are theoretically well-
suited to finding stable allocations or competitive prices. Dur-
ing such auctions, bidders learn about market conditions
before making their final bids, which may improve the final
allocation compared to the simplest sealed-bid mechanisms.

However, dynamic auctions have important drawbacks.
The dynamic auctions that perform well according to eco-
nomic theory require bidders to make very many bids as
prices gradually change, leading to long, slow-runming auc-
tions that take many hours, days, weeks or even months to
reach a conclusion. Such slow auctions are costly for partici-
pants and unworkable for spot markets, such as the hour-
ahead markets for electricity, where only minutes are avail-
able to find clearing prices. For export applications, finding a
convenient hour for real-time bidding by participants living 1n
different time zones can be almost impossible. Moreover,
because real auctions cannot use the infinitesimal price incre-
ments analyzed 1n theoretical models, actual dynamic auc-
tions are essentially always inexact in finding market-clearing
prices.

According to a theoretical result known as the revelation
principle, 1t 1s possible to duplicate the outcome of any
dynamic mechanism using a sealed-bid mechamism 1n which
participants report preferences just once. The development of
such an equivalent sealed-bid mechanism equivalent to the
ascending or descending multi-product auction, however, has
been blocked because suitably compact means of communi-
cating preferences have not been developed. However, two
special characteristics shared by many practical applications
suggest the possibility of developing a language to commu-
nicate preferences efficiently for a set of important applica-
tions 1n which goods are substitutes.

First, when different versions of a good are substitutable at
all for a particular user, the rate of substitution 1s frequently
one-for-one or nearly one-for-one. For example, a cement
purchaser may wish to buy some quantity of cement and may
be prepared to pay more to a supplier located closer to the
point of use while the quantity needed may still be fixed
independently of the source; thus, the substitution 1s one-for
one. As another example, a northern California electric utility
may purchase power at the Oregon border or from southern
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Califormia, subject to transmission constraints on each
source. In yet another example, a cereal maker may be able to
substitute bushels of grain today for bushels tomorrow by
storing the grain 1n a suitable facility or by substituting one
type of grain for another up to limits imposed by product
specifications. The above examples are examples of substitu-
tion by buyers, but a similar structure for substitution 1s found
among sellers, such as when a manufacturer can deliver sev-
eral versions of the same processed good. In each case, sub-
stitution probabilities are typically limited, but when substi-
tution 1s possible, the substitution typically 1nvolves
approximately one-for-one substitution among various ver-
s1ons of a good. Because the substitution structure may apply
to both buyers and sellers, the substitution structure can be
exploited to create systems and methods for auctions-to-buy,
auctions-to-sell and exchanges 1n which there may be both
multiple bids to buy and multiple offers to sell.

A second feature for the practical implementation of many
auction and exchange mechanisms 1s that buyers and sellers
may frequently find it helpful or necessary to respect integer
constraints. Many commodities are most eificiently shipped
by the truckload or by the container-load, and even divisible
resources such as electrical power may frequently be sold 1n
whole numbers of megawatts. Even when integer constraints
are not logically necessary, common practices many make
them useful, so a practical resource allocation mechanism
respects such integer constraints.

One of the current problems with existing sealed-bid trad-
ing mechanisms, including exchanges and auctions, 1s that 1n
their efforts to stmplily the bidding process, only very simple
bids may be entered and simple rules applied, drastically
limiting the ability of bids to communicate complex prefer-
ences. For certain types of transactions, more complex bids or
rules may be valuable. A buyer able to meet 1ts need in
multiple ways and regarding alternative lots as substitutes
benefits from an ability to link bids to make multiple bids and
limit the number of bids filled to an adequate set of 1ts bids. A
trader who wishes to execute a “swap” transaction by buying,
one item and selling another, may find the transaction too
risky unless it can link its bid-to-buy with its ofler-to-sell, so
that one 1s executed only i1 the other 1s executed as well. In
conventional economic analysis, bids-to-buy and offers-to-
sell are both particular instances of offers to trade or “bids,”
where the transaction quantities are understood to be positive
for buyers and negative for sellers. Under this analysis, the
prior two examples are both instances of linkages limiting the
net or total volume 1n several transactions, where bids-to-buy
represent positive quantities and bids-to-sell represent nega-
tive quantities.

An additional limitation to conventional systems 1s that
systems that do allow complex bids—systems known as com-
binatorial auctions—determine only “package prices” and
not market-clearing item prices for individual items to clear
markets. This determination of package prices 1s because, in
some exchange problems, market-clearing prices do not exist.
However, individual item prices may be needed for many
applications. For example, individual item prices provide a
basis for allocation of sales revenue to multiple suppliers. It 1s
possible to limit even complex bids so that market-clearing
item prices exist.

Accordingly, the manner in which bides communicate with
an auction system 1s important for the success of multi-prod-
uct auctions, as bidder preferences, demands and supplies are
often complex and difficult to describe using conventional,

simple bid interfaces.

SUMMARY OF THE INVENTION

Embodiments of the present invention overcome the defi-
ciencies of the prior art by providing a system to simplily
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configuration and implementation of an assignment exchange
or auction. In one embodiment, the system comprises one or
more bidder devices coupled to a server. The server receives
item 1dentifiers and bidder identifiers specitying items and
bidders, respectively, included 1n an auction or exchange. A
bidder uses a bidder device to transmit one or more bid
messages to the server. In one embodiment, a bid messages
includes a bidder identifier, an item identifier, a maximum
quantity associated with the 1tem 1dentifier and a price asso-
ciated with the 1tem 1dentifier. In another embodiment, a bid
message includes one or more constraints associated with a
bidder, such as limitations on the amount the bidder 1s per-
mitted to spend or a limit on the number of 1tems a bidder may
be allocated. The server then determines prices associated
with the items using one or more stored pricing rules and
determines an allocation of items between bidders using the
determined prices and accounting for constraints associated
with a bidder, 1f any. In one embodiment, the server allocates
items among bidders such that the total difference between
the maximum prices of bids to buy an 1tem and the minimum
prices of bids to sell an item—the reported gains from trade—
are maximized. After allocating 1tems among bidders, the
server communicates a message to one or more bidder
devices to describe the results of an auction or exchange to
one or more bidders.

In one embodiment, the server includes data modifying the

content and format of the messages communicated to the one
or more bidder devices, allowing different amounts of data to
be transmitted to different bidder devices, customizing the
data presented to a bidder. In another embodiment, the server
transmits data describing a user interface to the one or more
bidder devices, allowing the server to modity and specify the
user interface used by bidders to transmit data to the server
and to view data recerved from the server.
The features and advantages described herein are not all-
inclusive and many additional features and advantages will be
apparent to one of ordinary skill 1n the art 1n view of the
figures and description. Moreover, 1t should be noted that the
language used in the specification has been principally
selected for readability and instructional purposes, and not to
limit the scope of the inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s 1llustrated by way of example, and not by
way of limitation 1n the figures of the accompanying drawings
in which like reference numerals are used to refer to similar
clements.

FIG. 1 1s a block diagram of an assignment exchange and
auction system in accordance with one embodiment of the
present invention.

FIG. 21s a block diagram of one embodiment of a server for
implementing an assignment exchange or auction 1n accor-
dance with the present invention.

FI1G. 3 1s a flow chart of amethod for performing an assign-
ment auction or exchange according to one embodiment of
the present invention.

FIGS. 4-13 are graphic representations of example user
interfaces generated by assignment exchange and auction
system 1n accordance with embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

A system for an assignment exchange or auction 1is
described. In the following description, for purposes of expla-
nation, numerous specific details are set forth 1 order to
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provide a thorough understanding of the invention. It will be
apparent, however, to one skilled 1n the art that the invention
can be practiced without these specific details. Structures and
devices are shown in block diagram form in order to avoid
obscuring the invention. For example, the present invention 1s
described 1n one embodiment below with reference to specific
auctions or other allocations of 1items. However, the present
invention applies to any type of computing system and/or data
processing for implementing an exchange or auction.

Reference 1n the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or
characteristic described 1n connection with the embodiment
1s included 1n at least one embodiment of the invention. The
appearances of the phrase “in one embodiment™ in various
places 1n the specification are not necessarily all referring to
the same embodiment.

Some portions of the detailed descriptions that follow are
presented 1n terms of algorithms and symbolic representa-
tions of operations on data bits within a computer memory.
These algorithmic descriptions and representations are the
techniques commonly used by those skilled 1n the data pro-
cessing arts to most effectively convey the substance of their
work to others skilled 1n the art. An algorithm 1s here, and
generally, concetved to be a self-consistent sequence of steps
leading to a desired result. The steps are those requiring
physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of elec-
trical or magnetic signals capable of being stored, transterred,
combined, compared or otherwise manipulated. It has proven
convenient at times, principally for reasons of common
usage, to refer to these signals as bits, values, elements, sym-
bols, characters, terms, numbers or the like.

It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropnate physi-
cal quantities and are merely convenient labels applied to
these quantities. Unless specifically stated otherwise as
apparent from the following discussion, 1t 1s appreciated that
throughout the description, discussions utilizing terms such
as “processing,” “computing,”’ “calculating,” “determining,”
“displaying™ or the like, refer to the action and processes of a
computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system’s registers
and memories into other data similarly represented as physi-
cal quantities within the computer system memories or reg-
isters or other such information storage, transmission or dis-
play devices.

The present invention also relates to an apparatus for per-
forming the operations herein. This apparatus may be spe-
cially constructed for the required purposes, or 1t may com-
prise a general-purpose computer selectively activated or
reconfigured by a computer program stored in the computer.
Such a computer program may be stored 1n a computer read-
able storage medium, such as, butis not limited to, any type of
disk including floppy disks, optical disks, CD-ROMs, and
magnetic-optical disks, read-only memories (ROMSs), ran-
dom access memories (RAMs), EPROMs, EEPROMSs, mag-
netic or optical cards, or any type of media suitable for storing
clectronic instructions, each coupled to a computer system
bus or available to the computer system over a network, such
as the Internet, 1 a configuration known as “cloud comput-
ing.”

The mvention can take the form of an entirely hardware
embodiment, an entirely software embodiment or an embodi-
ment containing both hardware and software elements. In one
embodiment, the invention 1s implemented 1n software com-
prising 1nstructions or data stored on a computer-readable
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storage medium, which includes but 1s not limited to firm-
ware, resident software, microcode or another method for
storing instructions for execution by a processor.

Furthermore, the invention can take the form of a computer
program product accessible from a computer-usable or com-
puter-readable storage medium providing program code for
use by, or 1n connection with, a computer or any instruction
execution system. For the purposes of this description, a
computer-usable or computer readable medium 1s any appa-
ratus that can contain, store or transport the program for use
by or in connection with the instruction execution system,
apparatus or device.

The computer-readable storage medium can be an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system (or apparatus or device) or a propagation
medium. Examples of a computer-readable medium include a
semiconductor or solid state memory, magnetic tape, a
removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a ngid magnetic disk
and an optical disk. Examples of optical disks include com-
pact disk—read only memory (CD-ROM), compact disk—
read/write (CD-R/W) and digital video disk (DVD).

A data processing system suitable for storing and/or
executing program code includes at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage and cache memories providing temporary storage of
at least some program code 1n order to reduce the number of
times code must be retrieved from bulk storage during execu-
tion. In some embodiments, input/output (I/0) devices (such
as keyboards, displays, pointing devices or other devices
configured to receive data or to present data) can be coupled
to the system either directly or through intervening I/0O con-
trollers.

Network adapters may also be coupled to the system to
allow coupling of the data processing system to other data
processing systems, remote printers or storage devices
through intervening private or public networks. Modems,
cable modem and Ethernet cards are example types of net-
work adapters.

Finally, the algorithms and displays presented herein are
not inherently related to any particular computer or other
apparatus. Various general-purpose systems may be used
with programs in accordance with the teachings herein, or 1t
may prove convenient to construct more specialized appara-
tuses to perform the required method steps. The required
structure for a variety of these systems will appear from the
description below. In addition, the present invention 1is
described without reference to any particular programming
language. It will be appreciated that a variety of programming
languages may be used to implement the teachings of the
invention as described herein.

System Overview

The present invention provides a system for running multi-
product, sealed bid auction and exchange markets, also
referred to as an “assignment exchange and auction™ system
100. The assignment exchange and auction system 100 allows
assignment, allocation and pricing of multiple items among
bidders. As referred to herein, an 1tem 1s a good, a service or
any other enftity that offered for sale or purchase. In one
embodiment, an item 1s associated with an item 1dentifier,
such as a name, and a unit definition describing a quantity of
the 1tem to be purchased or sold. For example, a bidder, or
another user of the assignment exchange and auction system
100 associates a name with an 1tem for sale and also specifies
a unit definition indicating a mimnimum quantity of an 1tem
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available for purchase 1n a bid. As referred to herein, a “bid-
der” 1s an entity with access to the assignment exchange and
auction system 100. Although a bidder 1s commonly an entity
that places bids to buy or sell an i1tem, as used herein, a
“bidder” also 1dentifies any entity able to access the assign-
ment exchange and auction system 100, such as an entity
having a login and password associated with the assignment
exchange and auction system 100.

In many practical applications, the direct mechanisms
studied 1in much of economic theory are far too complex to be
usetul, so simplification 1s at the core of much of practical
market design for auctions. The assignment exchange and
auction provides a simplified method for assigning and/or
pricing multiple goods or items in scenarios where there are a
certain number of varieties of a good that are offered for sale
or where there are a certain number of items to be allocated
among different bidders or entities.

The assignment exchange and auction system 100 also
allows substitution of and among 1tems. When different ver-
sions ol a good are substitutable, the rate of substitution 1s
frequently one-for-one, or nearly one-for-one. For example, a
cement purchaser buying some quantity of cement may be
prepared to pay more to a supplier located closer to the point
of use, while keeping the quantity of cement purchased fixed
independently of the source, making the substitution of
cement from different suppliers one-for-one. As another
example, a northern California electric utility may purchase
power at the Oregon border or from southern California,
subject to transmission constraints on each. In yet another
example, a cereal maker may be able to substitute bushels of
grain today for bushels tomorrow by storing the grain 1n a
suitable facility or be able to substitute one type of grain for
another up to limits imposed by product specifications. While
the above provide examples of substitution by byers, a similar
substitution structure 1s possible for sellers. For example, a
seller may substitute between different versions of goods
when a manufacturer 1s able to deliver several versions of the
same processed good.

However, 1n certain markets, items have rates of substitu-
tion other than one-to-one. For example, 11 there 1s transmis-
sion loss 1n the delivery of electric power, but items are
purchased at the source, a bidder needing a certain amount of
delivered power may differently discount power from differ-
ent sources that have different transmission losses as sources
with higher transmission losses are less eflective 1n satisiying
demand. To account for different rates of substitution, the
assignment exchange and auction system 100 allows bidders
to specily an effectiveness coellicient describing how effec-
tively an 1tem satisfies demand. Thus, the rate of substitution
between two items 1s the ratio of the relative effectiveness
associated with the items. For example, two units of power
associated with an effectiveness coefficient of 0.5 are needed
to replace one unit of power associated with an effectiveness
coellicient of 1.0. In one embodiment, the assignment and
exchange system 100 associates an effectiveness coellicient
of 1.0 with 1tems unless a bidder specifies a different etfec-
tiveness coelficient.

Substitution of items combined with integer demands and/
or supplies, enables the assignment exchange and auction
system 100 to provide an eflicient integer allocation of items.
The assignment exchange and auction system 100 benefi-
cially takes advantage of substitutions when available and
outputs integer allocations. Even when integer constraints are
not logically necessary, common practice often makes integer
constraints useful as many commodities are most efficiently
shipped by the truckload or container-load, and even divisible
resources such as electrical power may readily be sold in
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whole numbers of megawatts. Theretfore, a practical resource
allocation, such as the assignment exchange and allocation
system 100 mechanism respects integer constraints.

FIG. 1 shows an embodiment of an assignment exchange
and auction system 100. The embodiment shown by FIG. 1
comprises one or more bidder devices 110A 110N (also
referred to individually and collectively as 110), a server 120
and a network 130. However, in other embodiments, the
assignment exchange and auction system 100 may include

different and/or additional components than those depicted
by FIG. 1.

The one or more bidder devices 110A, 110N comprise
computing devices having data processing and data commu-
nication capabilities. For example, a bidder device 110 com-
prises a desktop computer, a laptop computer, a netbook

computer, a tablet computer or a smartphone. In one embodi-
ment, different bidder devices 110A, 110N comprise difier-
ent types of computing devices. A bidder device 110 recerves
data from a bidder and communicates the data to the server
120 via the network 130 using wireless and/or wireless com-
munication techniques. Additionally, a bidder device 110
receives data from the server 130 via the network 130 and
presents the data to a bidder using an output device. In one
embodiment, the bidder device 110 receives data or instruc-
tions from the server 120 describing display of a user inter-
face to a bidder and a processor included in the bidder device
110 executes the data or instructions to display the user inter-
face. Examples of user interfaces for receiving data from a
bidder and/or presenting data to a bidder are further described
below 1n conjunction with FIGS. 4-13. For example, the
bidder device 110 recerves data from a bidder via an input
device, such as a keyboard, a touch-screen or a mouse,
describing a bid for an item by a bidder and uses a network
controller to transmit the bid to the server 120 via the network
130. As another example, the bidder device 110 receives data
describing an auction, such as a schedule and prices associ-
ated with 1tems from the server 120 and presents the product
prices and/or round schedule to a bidder using one or more
output devices, such as a display device and/or an audio
playback device.

The server 120 comprises a computing device coupled to
the network 130 via one or more wired communication pro-
tocols, one or more wireless communication protocols or a
combination of wireless and wired communication protocols.
The server 120 mitializes an auction or exchange. For
example, the server 120 recerves data from a user, such as an
auctioneer, 1dentifying bidders participating in the auction,
items available 1n the auction, privileges associated with bid-
ders participating 1n the auction or other data used to describe
the participation 1n an auction or exchange and/or operation
of the auction or exchange. After imtializing the auction or
exchange, the server 120 receives bids from one or more
bidder devices 110A, 110N via the network 130 and deter-
mines the pricing and allocation of items among bidders
based on the received bids. In one embodiment, one or more
constraints or rules are also used by the server 120 when
allocating 1tems among bidders. The constraints or rules are
further described below 1n conjunction with FIG. 2 and may
be recerved from one or more bidder devices 110 or specified
by a bidder during nitialization of the auction or exchange.
After allocating 1tems among bidders, the server reports the
results of the auction or exchange to one or more bidders by
transmitting messages to one or more bidder devices 110 via
the network 130. The server 120 1s further described below 1n
conjunction with FIG. 2, while the functionality of the server
120 1s further described below 1n conjunction with FIG. 3.
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In one embodiment, one or more bidder devices 110 trans-
mit a bid to the server 120 via the network 130 using a bid
message. For example, a bid message includes a bidder iden-
tifier associated with the bidder transmitting the message, an
item 1dentifier speciiying the i1tem on which the bidder is
bidding, a maximum quantity speciiying a maximum amount
of the 1dentified 1tem and a price the bidder 1s offering for the
identified 1tem. If the bidder 1s a buyer, the price included 1n
the bid message represents the bidder’s maximum price for
buying, while 11 the bidder 1s a seller the price included 1n the
bid message represents the bidder’s minimum or reserve
price. In other embodiments, a bid message may include
different and/or additional data, such as a bid type identifier
specifying whether a bid 1s a bid to buy or a bid to sell. For
example, a bid message may include an effectiveness coedll-
cient describing how effectively an item satisfies a bidder’s
demand, aflecting the substitution of a first item for a second
item during an auction or exchange. Additional examples of
bid messages are described 1n U.S. patent application Ser. No.
12/340,999. Other types of messages, further described
below 1n conjunction with FIG. 2, may also be transmitted
between a bidder device 110 and the server 120 via the net-
work 130.

The network 130 1s a conventional network and may have
any number of configurations such as a star configuration, a
token ring configuration or another configuration known to
those skilled in the art. In various embodiments, the network
130 comprises a wireless network, a wired network or a
combination of a wireless and a wired network. Furthermore,
the network 130 may comprise a local area network (LAN), a
wide area network (WAN) (e.g., the Internet), and/or any
other interconnected data path across which multiple devices
may communicate. In yet another embodiment, the network
130 may be a peer-to-peer network. The network 130 may
also be coupled to, or include, portions of a telecommunica-
tions network for communicating data using a variety of
different communication protocols. In yet another embodi-
ment, the network 130 includes Bluetooth communication
networks or a cellular communications network for sending,
and receiving data. For example, the network 130 transmuits
and/or recerves data using one or more communication pro-
tocols such short messaging service (SMS), multimedia mes-
saging service (MMS), hypertext transier protocol (HTTP),
direct data connection, WAP, email or another suitable com-
munication protocol.

FIG. 2 shows one embodiment of a server 120 for imple-
menting an assignment auction or exchange in accordance
with an embodiment of the present invention. In the embodi-
ment depicted by FIG. 2, the server 120 comprises a processor
210, a storage device 220 and a communication unit 230
coupled to each other via a bus 240. However, 1n other
embodiments the server 120 may include different and/or
additional components than the ones shown by FIG. 2.

The processor 210 comprises an arithmetic logic unit, a
microprocessor, a general purpose controller or some other
processor array to perform computations or other data pro-
cessing. The processor 210 1s coupled to the bus 240 for
communication with the other components of the server 130.
Processor 210 processes data signals and may comprise vari-
ous computing architectures including a complex instruction
set computer (CISC) architecture, a reduced instruction set
computer (RISC) architecture or an architecture implement-
ing a combination of instruction sets. Although only a single
processor 210 1s shown 1n FIG. 2, 1n other embodiments the
server 120 may include multiple processors.

The storage device 220 stores instructions and/or data that
may be executed by processor 210. The stored instructions
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and/or data may comprise code for performing any and/or all
of the techniques described herein. In one embodiment, the
storage device 220 1s a non-volatile memory device or similar

persistent storage device and media. For example, the storage
device 220 1s a hard disk drive, a tloppy disk drive, a CD-

ROM device, a DVD-ROM device, a DVD-RAM device, a

DVD-RW device, a tflash memory device or another mass
storage device known in the art. In one embodiment, the
storage device 220 comprises a dynamic random access
memory (DRAM) device, a static random access memory
(SRAM) device, tlash memory or some other memory device
known 1n the art. In another embodiment, the storage device
220 comprises a combination of volatile memory and non-
volatile memory. The storage device 220 1s coupled to the bus

240 for communication with other components of the server
120. While shown 1n FIG. 2 as included 1n the server 120, 1in
other embodiments, the storage device 220 1s coupled to the
server 120 via the network 130 or via a direct connection
between the storage device 220 and the server 120.

The storage device 220 includes instructions and/or data
for implementing an assignment exchange or auction. In one
embodiment, the storage device 220 includes an interface
module 221, a constraint module 222, a bidder configuration
module 223, a bidder data store 224, an auction data store
226, an allocation module 227 and a reporting module 228.
However, in other embodiments, the storage device 220
includes different and/or additional modules than the ones
depicted 1n FIG. 2.

The interface module 221 stores instructions or data that,
when executed by the processor 210 or another processor,
generates one or more user interfaces for recerving data from
and/or presenting data to one or more bidders. For example,
the interface module 221 includes instructions that, when
executed by a processor 210, generate one or more of the user
interfaces shown below 1n FIGS. 4-13 or other suitable user
interfaces for presenting data associated with an assignment
auction or exchange to a bidder and/or recerving data from a
bidder. In one embodiment, data or instructions stored 1n the
interface module 221 are communicated to the communica-
tion unit 230 via the bus 240, allowing transmission of data or
instructions from the interface module 221 to a bidder device
110 for generation of a user intertace.

In one embodiment, the user interface generated by execu-
tion of instructions from the intertace module 221 allows one
or more bidders to confirm a bid or to confirm modifications
to one or more bids. For example, after a bidder enters one or
more bids and a bidder device 110 recerves an mput to trans-
mit the one or more bids to the server 120, a processor
included 1n the bidder device 110 executes instructions from
the server 120 and generates a bid confirmation message,
allowing the bidder to again review and verity the bids before
transmitting the bids to the server 120 via the network 130. In
one embodiment, the bid confirmation message 1s displayed
using a display of the bidder device 110 after the bidder
device 110 recerves the input to transmit the one or more bids,
and responsive to the bidder device 110 receiving a bid con-
firmation nput, the bids are transmitted to the server 120.
Alternatively, the bid confirmation message 1s sent using
¢-mail, or using another messaging method, to the bidder, and
the bidder replies to the bid conformation message using a
suitable messaging method to confirm the bids and transmit
the confirmed bids to the server 120. In one embodiment, the
bid confirmation confirms the bids and transmits the bids to
the server 120 1f the bidder device 110 does not receive a
confirmation message from the bidder within a predeter-
mined time interval. Alternatively, after the predetermined
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time interval, modifications to prior bids are withdrawn and
any previously confirmed bids are reinstated.

The mterface module 221 also includes instructions or data
describing communication between the server 120 and the
plurality of bidder devices 110A-110N as well as communi-
cation of data between the storage device 220, the processor
210 and/or the communication unit 230. In one embodiment,
messages, data stored 1n the iterface module 221 1s used to
translate messages, such as bid messages, received from a
bidder device 110 via the network 130 and the communica-
tion unit 230 1nto a data format usable by the other compo-
nents of the server 120. The interface module 221 also for-
mats reporting messages from the reporting module 228
describing the allocation of items at the completion of an
auction or exchange which are routed via the bus 240 to the
communication module 230 for transmission to one or more
bidder devices 110.

In one embodiment, the interface module 221 recerves
messages, such as bid messages, from one or more bidder
devices 110 and modifies a format associated with the mes-
sage 1nto a second format associated with the allocation mod-
ule 227. For example, the interface module 221 receives
messages, or other data, having an extensible markup lan-
guage (XML) format and modifies the XML formatted data,
as needed, for use by the allocation module 227. This allows
messages to be transmitted between the server 120 and one or
more bidder devices 110 1n a normalized format and data
from the messages to be communicates to the allocation mod-
ule 227 1n a format specified by the allocation module 227.
Further, the interface module 221 and the auction data store
224 include data 1dentifying the content of messages trans-
mitted between the server 120 and one or more bidder devices
110, allowing customization of the messages for different
auctions or exchanges or for different bidders in an auction or
exchange.

The constraint module 222 stores rules and/or constraints
alfecting allocation of i1tems and determination of market-
clearing prices 1n an auction or exchange. Additionally, the
constraint module 222 stores instructions or data that, when
executed by the processor 210 or another processor, apply the
stored rules and/or constraints during determination of the
allocation of 1tems and the market-clearing prices in an auc-
tion or exchange. For clarity, various examples of constraints
or rules stored by the constraint module 222 are further
described below. However, additional constraints or rules
may be stored by the constraint module 222 to modity allo-
cation of items 1n an exchange or auction.

For example, the constramnt module 222 includes data
describing substitute groups of items affecting allocation of
items to a bidder. A substitute group is a plurality of i1tems
associated with each other so that when the price of a first item
increases, causing a bidder to reduce the demand for the first
item, the bidder’s demand a second item 1n the substitute
group rises or remains the same, but does not decrease. In one
embodiment, a substitute group includes a plurality of bids
and may also include a maximum total quantity for the group.
For example, 1f a bidder reduces the quantity of a first item bid
upon 1n the substitute group, the bidder 1s allowed to bid upon
an increased quantity of one or more additional 1items 1n the
substitute group. If a maximum quantity for the group 1s
enforced, the units of items within the substitute group having
the highest margin, or profit, for a buyer relative to the buyer’s
maximum price are filled first. Enforcement of a maximum
quantity also first fills units for 1tems within the substitute
group having the highest margin for a seller relative to the
seller’s reserve price. In one embodiment, the server 120
receives a substitute group from a bidder device 110 associ-
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ated with a bidder via the network 130 and the communica-
tion unit 230 and stores the substitute group along with an
association between the substitute group and the bidder 1n the
constramnt module 222. For example, a substitute group
received by the server 120 includes a parent identifier, a list of
one or more bids or substitute groups and a maximum quan-
tity. In one embodiment, an eflectiveness coellicient 1s
included 1n a bid message and the quantity included in the bid
message 1s multiplied by the effectiveness coelficient
included in the bid message when determining the quantity of
the bid message for purpose of a substitution group. A parent
identifier allows the server 120 to identify a substitute group
within a set of hierarchically organized substitute groups, as
substitute groups may be nested within each other to form a
tree of constraints. If substitute groups are nested, a maxi-
mum quantity imposed on a substitute group limits the total
quantity awarded to bids within the substitute group and
awarded to any additional substitute groups nested within the
substitute group; thus, the maximum quantity of all the bids 1n
a lirst substitute group and 1n the substitute groups nested
within the first substitute group 1s constrained to not exceed
the maximum quantity of the first substitute group. In one
embodiment, the interface module 222 allows a bidder, or
another user, to specity and modily substitute groups by
displaying substitute groups retrieved from the constraint
module 222 1n a tree structure or 1n another hierarchical
format.

Use of substitute groups allows the assignment exchange
and auction system 100 to efficiently execute a swap bid,
which 1s a linked group of a bid to buy and a bid to sell in
which the total quantity bought and the total quantity sold are
equal. In one embodiment, the assignment exchange and
auction system 100 treats a buy quantity as positive and a sell
quantity as negative, allowing a swap bid to be implemented
as a substitute group having a maximum quantity of zero.

In one embodiment, 1n addition to substitute groups, the
constraint module 222 includes a logical group including one
or more groups nested within the logical group and a maxi-
mum quantity associated with the logical group. A group
nested within the logical group 1s associated with a quantity of
one or zero depending on whether bids within the nested
group are filled; 11 a bid within the nested group 1s allocated
one or more items, the nested group i1s associated with a
quantity of one, while 11 no bids within the nested group are
allocated an item, the nested group 1s associated with a quan-
tity of zero. Hence, 1n a logical group, quantities associated
with nested groups are either one or zero; the logical group
may also iclude one or more bids, and the quantity associ-
ated with a bid 1s the quantity of items allocated with the bid.
Theretfore, when determining whether a logical group equals
or exceeds the maximum quantity associated with the logical
groups, the total quantity of items 1s combined with the one or
zero value associated with groups nested within the logical
group. In contrast, a substitute group determines the total
quantity associated with the substitute group by totaling the
quantities of items allocated to bids within the group and also
to bids within groups nested within the substitute group.

As another example, the constraint module 222 includes
data describing one or more complements, which occur when
a bidder desires more of a first item when the bidder is
assigned more of an item that 1s a complement of the first
item. For example, 11 a bidder has an economy of scope, the
bidder may place a igher value on a set of items together than
on the set of 1tems without one or more of the set’s constituent
items. As another example, data describing one or more
complements 1s used to identily a contingent bid specitying
that a second bid 1s to be filled responsive to filling a first bid
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while the second bid 1s not filled 11 the first bid 1s unfilled. In
various embodiments, the assignment exchange and auction
system 100 specifies complements using group minimums or
group fixed costs stored in the constraint module 222. For

example, a minimum quantity 1s associated with a group of 5

bids to specily a complement. In one embodiment, the server
120 receives a complements group including a parent identi-
fier, a list of one or more bids, a maximum quantity associated
with the group and a minimum quantity associated with the
group. If a minimum quantity i1s associated with a group, a
total of 1tems less than the minimum quantity is not assigned
to the group. In certain situations, the maximum quantity and
the minimum quantity associated with a group are equal,
creating a “fill-or-kill” group. In one embodiment, the inter-
face module 221 includes data that, when executed by a
processor, displays a fill-or-kill mput element, allowing a
bidder to specily a fill-or-kill group by interacting with the
fill-or-kill 1nput element associated with a group. For
example, the user interface module 221 includes data for
generating a check box or radio button, allowing user selec-
tion of the radio button or check box to indicate that a group
associated with the check box or radio button 1s a fill-or-kall
group.

Similar to a substitute group, a parent identifier included 1n
a complement group allows the server 120 to identily a
complement group within a set of hierarchically organized
complement groups, as complement groups may be nested
within each other to form a tree of constraints. If complement
groups are nested within a first complement group, a mini-
mum quantity imposed on a complement group applies to
bids within the first complement group and bids within
complement groups nested within the first complement
group. In one embodiment, the interface module 221 allows a
bidder, or another user, to specily and modily complement
groups by displaying complement groups retrieved from the
constraint module 222 in a tree structure or in another hier-
archical format.

In other embodiments, the constraint module 222 identifies
complements using a fixed cost associated with a group. A
fixed cost specifies a minimum amount associated with a
group of bids so that the fixed cost 1s exceeded belfore one or
more bids 1n the bid group are filled. Hence, associating a
fixed cost with a group regulates when a group 1s filled. In one
embodiment, the server 120 receives a group associated with
a fixed cost including a parent identifier, a list of one or more
bids, a maximum quantity associated with the group, a mini-
mum quantity associated with the group and a fixed cost
associated with the group. In determining whether to fill a bid
group associated with a fixed cost, the server 120 determines
if the net profit on bids included 1n the bid group, including
bids on a second group nested within the bid group, and does
not fill bids 1n the bid group 11 the net profit does not exceed
the fixed cost.

In an embodiment, the constraint module 222 includes a
budget associated with a bidder that identifies a maximum
amount the bidder 1s permitted to spend during an auction or
exchange, regardless of the profits possible to the bidder. For
example, a budget 1dentifies a maximum monetary amount a
bidder placing bids to buy 1s permitted to spend during an
auction or exchange. As another example, a budget identifies
a maximum amount ol money, or another quantity, that a
bidder placing bids to sell 1s permitted to recerve, such as in a
government-regulated sale stipulating a monetary amount of
a government franchise to be sold. Similarly, an auction man-
ager or other entity configuring the auction or exchange is
permitted to limit the amount a bidder 1s permitted to spend
based on credit associated with a bidder, regulatory consid-
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erations or other market design considerations. For clarity, a
limit placed on a bidder by an auction manager or other third
party, 1s referred to as a “credit limit.” Both a budget, 1denti-
fied by the bidder, and a credit limit may be associated with a
bidder with the most restrictive of the budget and the credit
limit enforced to limit allocation of items in the auction or
exchange.

In an additional embodiment, the constraint module 222
includes a quota associated with a bidder or associated with
an item. While a budget places a limit on the amount of
money, or another quantity, that a bidder 1s permitted to spend
or to recerve, a quota places a limit on the amount of an 1tem
used to fill one or more bids. A quota may be associated with
a bidder to limit the amount of an item that the bidder 1s
permitted to receive or a quota may be associated with an 1item
to limit the number of 1tems allocated during an auction or an
exchange. In one embodiment, the constraint module 222
enables quotas for different items to be associated with mul-
tiple bidders.

The above-described constraints are merely examples, and
in other embodiments, the constraint module 222 includes
any data limiting or modifying the allocation of items among
bidders. For example, the constraint module 224 includes
data allowing a single bid 1n a specified set of bids to be filled,
while the remaining bids in the specified set are unfilled.
However, 1n other embodiments additional constraints affect-
ing the allocation of items among bidders based on recerved
bids are stored 1n the constraint module 222.

The bidder configuration module 223 stores data describ-
ing characteristics of bidders, such as bidder preferences or
bidder limitations. Additionally, the bidder configuration
module 223 stores instructions or data that, when executed by
the processor 210 or another processor, apply the stored bid-
der characteristics when allocating 1tems, determining mar-
ket-clearing item prices in an auction or exchange and/or
presenting data to a bidder. In one embodiment, the bidder
configuration module 223 and the constraint module 222
communicate data to the processor 210 via the bus 240 to
modity allocation of items 1n an auction or exchange.

For example, the bidder configuration module 223 includes
data enabling a bidder to place bids for an item at a market
price 1n a umform price auction, such as market price
enabling data associated with a bidder identifier. Addition-
ally, the bidder configuration module 223 specifies a maxi-
mum number of market price bids associated with a bidder
identifier, limiting the number of market price bids placed by
the bidder to allow conventionally-priced bids to set the mar-
ket clearing price of an item. As another example, the bidder
configuration module 223 includes data describing a supply
curve or a demand curve a bidder associates with an 1tem. In
one embodiment, for an 1tem a bidder identifies a plurality of
prices and associates quantities with each of the prices, allow-
ing the bidder to describe changes to item quantity based on
the 1tem price. For example, the bidder configuration module
223 stores a table of prices and quantities, with a price asso-
ciated with a quantity and associates the table with a bidder
identifier and with an 1tem 1dentifier. Storing a supply curve or
a demand curve allows bidders to simply and conveniently
express price-dependent variations 1n 1item quantities.

As another example, the bidder configuration module 223
associates one or more options speciiying data presented to a
bidder with a bidder identifier, such as data modifying the
data communicated to a bidder device 110 by the interface
module 221 for presentation to a bidder. Thus, the bidder
configuration module 223 allows the assignment exchange
and auction system 100 to modily data presented to bidders
based on the bidder complexity. For example, the bidder
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configuration module 223 communicates data to the interface
module 221 to communicate a user interface including a
subset of the bidder options or data used during an auction or
exchange to a bidder device 110 associated with a first bidder,
simplifying participation 1n the auction or exchange for the
first bidder. Alternatively, the bidder configuration module
223 communicates data to the user interface module 221 to
communicate a user interface including an increased number
of bidder options or data used during an auction or exchange
to a second user, allowing the second user to benefit from the
variety of options and/or data used by the assignment
exchange and auction system 100.

In one embodiment, the bidder configuration module 223
includes data or instructions that, when executed by the pro-
cessor 210 or another processor, enable a bidder to express
item valuation while maintaining the bidder’s privacy for
item valuations not used 1n an assignment auction or
exchange. To calculate a result of an assignment auction or
exchange where one or more substitutes are used, unsuccess-
ful bids are used in the allocation; however, 1n some embodi-
ments, unsuccessiul bids are desired to remain private, even
from the auctioneer or other entity involved in the auction.
Hence, execution of the assignment exchange or auction
relies on bids to be simultaneously present for optimization,
while private bidding seeks to incrementally reveal relevant
bids.

To allow an assignment exchange or auction with private
bidding, the bidder configuration module 223 includes data
describing an avowal method where a bidding agent 1s asso-
ciated with a bidder and 1s private to the bidder. In one
embodiment, the bidding agent comprises mstructions or data
communicated from the bidder configuration module 223
through the network 130 and the communication unit 230 to
a bidder device 110 for execution by a processor included 1n
the bidder device 110. When executed on the bidder device
110, the bidding agent submits the actual bid of a bidder using
the bidder device 110 along with a set of false bids to the
server 120 and stores data distinguishing the actual bid from
the false bids. The biding agent 1s executed solely on the
bidder device 110 associated with a bidder to maintain the
privacy ol the bidding agent. As the allocation module 227
does not differentiate between the bidder’s actual bid and the
false bids, the exchange or auction result 1s determined using
the actual bid as well as the false bids. After identifying a bid
with the highest margin assigned to one or more items, the
allocation module 227 and processor 210 communicate an
avowal request to the bidder device 110, where the bidding
agent avows or disavows the bid by communicating a
response to the server 120 via the network 130. If the response
avows the bid, the allocation module 227 1dentifies a second
bid having the second highest margin. If the response dis-
avows the bid, the allocation module 227 deletes the bid and
re-calculates the assignments.

In one embodiment, data describing the bidding agent
transmitted from the bidder configuration module 223 to a
bidder device 110 removes the bidding agent when the auc-
tion or exchange 1s completed. Such a configuration prevents
anyone, including the bidder, from distinguishing the actual
bid, or actual bids, from the false bids. Without the bidding
agent, the actual losing bids and the false losing bids are not
distinguishable from each other. In one embodiment, one or
more of the bids submitted by the bidding agent are reduced
from their true price to allow the prices of bids that are filled
at a lower or a higher price based on a price determination rule
to also be disguised.

The bidder data store 224 comprises a portion of the stor-
age device 220 including data identifying one or more bid-
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ders. In one embodiment, the bidder data store 224 associates
a unique bidder 1dentifier with each bidder. For example, the
bidder data store 224 includes a logon and password associ-
ated each bidder. In addition to storing a bidder identifier
associated with bidders placing bids 1n an auction, the bidder
data store 224 also includes a bidder identifier associated with
bidders, or other users, who access the server 120 to configure
or operate an auction or exchange. The bidder data store 224
exchanges data with the bidder configuration module 223 via
the bus 240 to associate characteristics with a bidder.
Although FIG. 2 shows the bidder data store 224 and the
bidder configuration module 223 as discrete components, in
other embodiments, the bidder data store 224 and the bidder
configuration module 223 comprise a single component
including data identifying bidders and data describing char-
acteristics associated with bidders.

The auction data store 226 comprises a portion of the
storage device 220 including data describing configuration of
an auction and/or data describing a completed auction or
exchange. In one embodiment, the auction data store 226
includes an auction 1dentifier associated with an auction, and
stores data describing configuration of the auction associated
with the auction identifier. For example, the auction data store
226 includes data identifying bidders and items participating
in the auction, the content and format of messages from the
server 120 to bidder devices 110 1n an auction, pricing and/or
allocation rules associated with the auction, the content of
interfaces presented to bidders and/or additional information
describing configuration of an auction. Storing auction con-
figuration data in the auction data store 226 allows a bidder, or
another user of the server 120, to clone an existing auction,
simplifying auction configuration by reducing errors and set-
up time associated with initial auction configuration.

In one embodiment, the auction data store 226 includes
data or instructions, that when executed by the processor 210,
for executing an assignment auction or exchange in multiple
stages. To execute a multiple stage assignment auction or
exchange, the auction data store 226 includes rules 1dentitfy-
ing bidders are permitted to bid 1n a stage and what bidders are
permitted to bid 1 a stage. A multiple stage assignment
auction or exchange allows a bidder to ascertain what other
bidders are bidding before placing a bid having a maximum
value. For example, 1n an assignment auction or exchange to
sell, an artificially high supply 1s posted in the 1nitial round. In
one embodiment, bidders placing a winning bid 1n a first
round advance to a second round, and 1n an auction or
exchange to sell, a bidder 1s permitted to decrease 1ts overall
quantity, but 1s not permitted to increase 1ts overall quantity, in
a later round. In one embodiment, the auction data store 226
also includes criteria or rules on quantities and prices for
different rounds in an assignment exchange or auction as well
as rules or criteria regarding advancement of bidders and/or
bids to a subsequent round.

The allocation module 227 stores instructions or data that,
when executed by the processor 210 or another processor,
determine item prices and allocate 1tems among bidders. In
one embodiment, the allocation module 227 describes a
mixed-integer problem solver to determine winners and
prices while also enforcing constraints from the constraint
module 222. For example, the lowest of a bidder’s budget and
a bidder’s credit limit affects allocation of items. In one
embodiment, if a bidder buys or sells more than the lowest of
the bidder’s budget or credit limait, the allocation module 227
uses an 1terative process to reduce the price or quantity allo-
cated to the bidder by tan amount and re-allocates items based
on the reduced price or quantity. In an alternative embodi-
ment, responsive to a bidder exceeding the bidder’s budget or
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credit limat, the allocation module 227 implements a fixed-
point process to modily item prices so that the market of 1items
in the auction clears while budgets or credit limits are satis-
fied. The allocation module 227 also accounts for bidder
quotas when allocating 1tem by determining whether the sum
of bids filled for a bidder exceeds a quota associated with the
bidder or associated with an item. The allocation module 227
assigns 1tems to bidders so that the total difference between
the maximum prices of bids to buy and the minimum prices of
bids to sell-—the reported gains from trade—are maximized.

In one embodiment, the allocation module 227 includes
data or 1nstructions that implement a mixed integer program
solver when executed by the processor 210. For example, the
allocation module 227 1dentifies an objective having an ele-
ment for each bid and bid group, where the value of the
objective 1s the price of a bid, either a reserve price for a
bidder offering to sell or a maximum price for a bidder offer-
ing to buy. Generally, the allocation module 227 determines a
vector for an 1tem 1n the auction or exchange that ensures
market clearing, where the number of the 1tem bought equals
the number of the item sold. In one embodiment, the alloca-
tion module 227 represents a constraint from the constraint
module 222 as a vector and a column within the mixed integer
program solver.

In addition to allocating 1tems among bidders, the alloca-
tion module 227 also determines 1item pricing using one or
more pricing rules. For example, the allocation module 227
determines whether pricing rules where minimum market
clearing prices are used, where maximum market prices are
used or where the bid price 1s used. When the bid price 1s used,
participating bidders making bids to buy recerve their bid and
participating bidders making bids to sell also recerve their bid
to sell; however, use of bid prices may result in total payments
exceeding total receipts. When minimum market clearing
prices are used, the price used 1s uniform for multiple bidders
and 1s the lowest price that clears the market. Similarly, when
maximum market clearing prices are used, the price used 1s
the highest price that clears the market. However, the above-
identified pricing rules are examples, and 1n other embodi-
ments, the allocation module 227 uses different pricing rules,
such as Vickrey prices or Day-Milgrom core-selecting prices.
By including pricing rules separate from the messaging and
allocation rules, the assignment exchange and auction system
100 allows greater customization of an auction or exchange.

Additionally, the allocation module 227 includes instruc-
tions describing a tie-breaking procedure used when multiple
bidders have identical margins for an available item. For
example, the allocation module 227 includes data or mstruc-
tions describing a random price tie-breaking procedure where
a priority score 1s assigned to each bidder as the bidder is
included in the auction. Assigning the priority score to a
bidder when the bidder 1s assigned to the auction allows an
auditor to duplicate the entire auction or exchange process,
including tie breaking, from data stored 1n the storage device
220. The priority score determines which bidder 1s assigned a
quantity of an 1item 1n the event of a tie. In one embodiment,
the allocation module 227 also allows a bidder, such as an
auction administrator, having administrative privileges to
manually override the priority score to give an advantage to a
first bidder over other bidders in the event of a price tie.
Similarly, 1f a bidder has the same margins for each of several
items, the 1tems are allocated a priority score, similar to the
process described above, and the priority score 1s used to
determine the items associated with the bidder. Thus, the
allocation module 227 provides a reliable and reproducible
method of breaking ties.
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The reporting module 228 stores instructions or data that,
when executed by the processor 210 or another processor,
generate data describing results of a completed auction or
exchange. In one embodiment, data from the allocation mod-
ule 227, the reporting module 228 and the interface module
221 1s communicated to the processor 210 via the bus 240,
and the processor 210 executes the data to generate output
describing the results of an auction or exchange. For example,
the reporting module 228 includes data describing presenta-
tion of a tree display of bids shown to various bidders, allow-
ing bidders to view the hierarchy of substitution or comple-
mentaries specified by a bidder. In one embodiment, the
reporting module 228 causes a margin to be displayed along
with a bid in the tree display of bids. For bids, the margin
identifies the difference between the bid price for an 1item and
the market clearing price for the item. For a bid to buy, the
margin 1s the difference between the bid and the market
clearing price, while for a bid to sell, the margin 1s the differ-
ence between the reserve price and the market clearing price.
A positive margin represents the unit profit for a bidder on an
item. In one embodiment, the lowest margin of any bid
included in a group of bids 1s displayed by the reporting
module. In addition to displaying the bids optimizing total
profit across multiple bids, 1n response to receiving an input,
the reporting module 228 displays one or more sets of non-
optimal bids, allowing bidders to verity that the auction pro-
duced an optimal allocation of items and a fair item price. In
an embodiment, the reporting module 228 restricts the data
reported to one or more bidders, so that the one or more
bidders receive the minimum amount of information suitable
for verifying the correctness of the assignment auction or
exchange and the results of the one or more bidders.

In one embodiment, the reporting module 228 also gener-
ates data comparing the results of the assignment exchange or
auction to an alternative multi-product clock auction with
proxy bidders. The results of the assignment exchange or
auction provide the end pints of the clock auction, allowing
the data to provide a model of a perfect clock auction that
determines the prices in each round of the clock auction and
bidders to set their quantities. For example, the multi-product
clock-auction simulation describes a forward auction where
prices rise over rounds. In the forward multi-product clock-
auction, the sellers’ reserve price 1s the starting price for items
and a round-increment price 1s determined by an algorithm
considering the number of rounds to be approximated, known
starting prices, known ending prices and the number of items.
For a round 1n the simulated multi-product clock auction, the
reporting module 228 determines what bids would be made at
the determined set of item prices then determines the item
prices for the subsequent round. If an 1tem price results in
demand for the item to exceed the supply of the 1tem, the 1tem
price 1s incremented by the calculated round-increment price;
however, 11 the incremented 1tem price exceeds the market
clearing price determined by the assignment auction or
exchange, the market clearing price for the item 1s used. A
simulated multi-product clock auction report describes, for
multiple rounds 1n the multi-product clock auction, an item,
the 1tem price, the item supply and the item demand. The last
round described by the simulated multi-product clock auction
report shows the same result as the assignment exchange or
auction, avoiding the complexity of final round rollbacks
occurring in a conventional multi-product clock auction.

The communication unit 230 1s coupled to the bus 240 and
transmits data from the server 120 to the network 130 and
recerves data from the network 130. In one embodiment, the
communication unit 230 includes a port for direct physical
connection to the network 130. For example, the communi-
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cation unit 230 includes a USB, SD, CAT-5 or similar port for
wired communication with the network 130. In another
embodiment, the communication unit 230 includes a wireless
transceiver for exchanging data with the network 130 using
one or more wireless communication methods, such as IEEE
802.11, IEFE 802.16, BLUETOOTH® or another suitable
wireless communication method. In yet another embodiment,
the communication unit 230 1includes a cellular communica-
tions transceiver for sending and receiving data over a cellular
communications network such as via short messaging service
(SMS), multimedia messaging service (MMS), hypertext
transfer protocol (HTTP), direct data connection, WAP,
¢-mail or another suitable type of electronic communication.
In still another embodiment, the communication unit 230
includes a wired port and a wireless transceiver. The commu-
nication unit 230 also provides other conventional connec-
tions to the network 130 for distribution of files and/or media
objects using standard network protocols such as TCP/IP,
HTTP, HTTPS and SMTP as will be understood to those
skilled 1n the art.

Method of Operation

FIG. 3 shows a method 300 for performing an assignment
auction or exchange according to one embodiment of the
present mnvention. In one embodiment, the steps described in
conjunction with FIG. 3 are implemented by instructions or
other data stored on a tangible computer-readable storage
medium, such as a flash memory, an optical disk, a hard disk
or other suitable storage device, that cause a processor to
perform the described steps when executed by the processor.
Further, 1n other embodiments, the method 300 includes dif-
ferent and/or additional steps than those described in con-
junction with FI1G. 3.

Initially, an auction or exchange 1s mitialized 310 by a
bidder, a system administrator or another entity with author-
ity to retrieve or modily data from an auction data store 226
included in the server 120 or with authority to store data to the
auction data store 226. In one embodiment, a bidder or
another entity 1s appointed as the master of ceremonies or the
auctioneer associated with the auction. For example, data 1s
stored 1n a bidder data store 224 and associated with a bidder
identifier to 1dentily the auctioneer or the master of ceremo-
nies. As another example, a bidder 1dentifier, such as a login
and password, 1s created, associated with the master of cer-
emonies or auctioneer and stored 1n the bidder data store 224
of the server 120. In many embodiments, the master of cer-
emonies or auctioneer has limited privileges, such as the
ability to configure auctions for a specific account but not the
ability to appoint an auctioneer or master of ceremonies for
another account. In an embodiment, the auctioneer or master
of ceremomes has limited financial control over the bid
amounts or total amount of bids.

During mitialization, data describing the auction or
exchange 1s stored 1n an auction data store 226 included 1n the
server 120. For example, data identifying items participating
in the auction, the content and format of messages from the
server 120 to bidder devices 110 1n an auction, pricing and/or
allocation rules associated with the option, the content of
interfaces presented to bidders and/or additional information
describing configuration of an auction 1s stored in the auction
data store 226. In one embodiment, data from an interface
store 221 included 1n the server 120 1s modified or retrieved to
describe the presentation of data to bidders using bidder
device 110. For example, data describing one or more user
interfaces, such as the user intertfaces further described below
in conjunction with FIGS. 4-13, 1sretrieved from the interface
store 221 and used by an auction. In one embodiment, the
auction or exchange 1s mitialized 310 by retrieving data
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describing a previously completed auction or exchange form
the auction data store 226, allowing a previously completed
auction or exchange to be cloned for subsequent use.

Bidders participating in the 1nitialized auction or exchange
are also 1dentified 320. In one embodiment, bidder identifiers
associated with participating bidders are stored 1n the bidder
data store 224 1n the server 120 or data 1s stored in the bidder
data store 224 to i1dentily bidder identifiers associated with
bidders participating in the auction. In one embodiment, data
describing characteristics of identified bidders, such as bidder
preferences or bidder limitations 1s stored 1n the bidder con-
figuration module 223, along with data or instructions for
applying the stored bidder characteristics during the 1nitial-
1zed auction or exchange to determine the allocation of items
and the market-clearing prices 1n an auction or exchange. For
example, the bidder configuration module 223 includes data
enabling a bidder to place bids for an item at a market price 1n
a uniform price auction, specilying a maximum number of
bids that a bidder may place at the market price and/or options
identifying data presented to a bidder by the interface module
221 for presentation to a bidder.

In one embodiment, after identitying 320 the bidders par-
ticipating in the assignment exchange or auction, the server
120 transmits invitations to participate in the auction or
exchange to bidder devices 110 associated with the identified
bidders using the communication unit 230 and the network
130. For example, an invitation specifies whether a bidder
associated with a bidding device 110 receiving the invitation
places bids to buy or bids to sell 1n the auction or exchange. In
one embodiment, the 1invitation transmitted form the server
120 to a bidder device 110 includes data or instructions from
the mterface module 221 and/or from the bidder configura-
tion module 223 that, when executed by a processor 1n the
bidder device 110, displays a user interface to the bidder, such
as one or more ol the user interfaces described below 1n
conjunction with FIGS. 4-13. Transmitting data or instruc-
tions describing one or more user interfaces from the server
120 to one or more bidder devices 110 allows the one or more
user interfaces to be modified or customized at the server 120,
simplifying presentation of different user intertaces to differ-
ent bidders.

After 1identitying 320 the bidders, the server 120 receives
330 bid messages describing bids to buy, bids to sell, and/or
bids to swap from one or more bidder devices 110 through the
network 130 and the communication unit 230. In one embodi-
ment, one or more bid messages also include one or more
constraints associated with a bidder, which are stored in the
constraint module 222 of the server 120. Alternatively, the
server 120 separately recerves data describing one or more
constraints and stores the constraints in the constraint module
222. In one embodiment, at a set time, after a set time interval
has elapsed or responsive to the occurrence of another event
identified by data in the auction data store 226, the auction or
exchange 1s closed. When the auction or exchange 1s closed.,
the allocation module 227 included 1n the server 120 deter-
mines 340 the pricing of items and the allocation of 1tems
among bidders using the received bid messages while
accounting for constraints stored in the constraint module
222, 11 any. In one embodiment, the allocation module 227
performs steps described i U.S. patent application Ser. No.
12/340,999, which 1s incorporated by reference herein 1n 1ts
entirety, to determine item prices and allocate 1tems among
bidders. The allocation module 227 awards quantities as the
solution of a particular linear program that maximizes the
difference between the total values of the awarded bids to buy
minus the total value of the awarded offers to sell, as
described above in conjunction with FIG. 2. For example, the




US 8,788,364 Bl

21

difference between the total monetary value of the awarded
bids to buy less the total monetary value of the awarded offers
to sell 1s maximized by the allocation module 227 when
allocating 1tems among bidders.

After allocating 1tems among bidders and determining item
prices, the reporting module 228 included 1n the server 120
generates data describing the results of the completed auction
or exchange and notifies bidders of the results by transmitting
350 one or more messages describing the results to one or
more bidder devices 110. For example, the server 120 notifies
bidding devices 110 of auction results via e-mail messages,
text messages, web service communications over the network
130 or other methods of data communication. In one embodi-
ment, the data describing auction results 1s modified accord-
ing to data 1n the bidder configuration module 223 to allow
different bidders to be presented with different levels of detail
about the completed auction.

It 1s clear that many modifications and varnations of this
embodiment may be made by one skilled in the art without
departing from the spirit and scope of this disclosure. For
example, depending on the auction, who holds the auction,
and who takes the bids to buy and sell, different constraints
may be published and stored 1n the constraint module 220 for
resolving bids. These modifications and variations do not
depart from the broader spirit and scope of the invention, and
the examples cited here are to be regarded in an 1illustrative
rather than a restrictive sense. The approach described here
can be used both online and, in simple cases, oithne. Also,
sellers might be limited to a single offer, or, in more commod-
itized situations, many bids, sometimes 1n regular time nter-
vals, sometimes as a one time or occasional auction.
Example User Interface

In the assignment exchange and auction system 100, speci-
fication of auction constraints, restrictions or combinations,
typically 1n the form of rules, modifies implementation of the
auction or exchange. To simplily entry of rules or constraints,
as well as entry of bids, 1n one embodiment, the assignment
exchange and auction system 100 includes one or more user
interfaces to simplify presentation of auction data to bidders
and receipt of auction data from bidders. For example, a
processor mcluded 1n a bidder device 110 executes instruc-
tions received from the server 120 via the network 130 to
generate one or more user interfaces. FIGS. 4-13 provide
various examples of graphical user interfaces used by the
assignment exchange and auction system 100 to recerve and
present data.

FI1G. 4 shows one embodiment of a user interface 400 for
receiving auction rules from a bidder, allowing a bidder to
place restrictions on bids or offers. In one embodiment, the
user interface 400, and the additional example user interfaces
described below in conjunction with FIGS. 5-13, are gener-
ated by a processor included 1n a bidder device 110 executing
instructions recerved from the interface module 221 of a
server 120 via the network 130. The user interface 400
includes a dashboard section 410 displaying auction or
exchange data, such as auction or exchange parameters, auc-
tion or exchange listings, auction or exchange participants or
other data describing an auction or exchange. While the
example of FI1G. 4 illustrates the dashboard section 410 on the
left side of the user interface 400, 1n other embodiments the
dashboard section 410 has a different location, such as the
right side of the user intertace 400 or another location within
the user interface 400.

The user interface 400 also 1ncludes a transaction section
including a bid type portion 401 and a data entry portion 402.
The bid type portion 401 receives data from a user 1dentifying
a type of bid. In the example shown in FIG. 4, the bid type
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portion 401 allows a user to 1dentify a bid as a buy bid, a sell
bid or a swap bid, which 1s a combination of one or more bids
to buy and one or more offers to sell where the total quantities
bought and sold are equal. For a bidder who 1s eligible only to
buy or only to sell, the bid type portion 401 1s omitted from the
user interface 400 as a bidder with limited bid placement
cligibility 1s unable to place different types of bids. The
example of FI1G. 4 15 of a bidder who 1s eligible to buy, sell or
swap entering a bid to buy.

The data entry portion 402 includes data 1dentifying the
items 1ncluded 1n the auction or exchange as well as one or
more text boxes or other data entry methods to receive an item
quantity from a bidder and a maximum price per item from a
bidder. In one embodiment, the data entry portion 402 also
allows a bidder to provide a description of a bid placed for a
quantity of an item at a maximum price. FIG. 4 depicts an
example user interface where electricity delivered from loca-
tions COB, SP15 and NP15 i1s being traded, so the data entry
portion 402 identifies the items 1n FIG. 4 by identifying the
locations COB, SP15 and NP15. Fields associated with the
locations are presented in the data entry portion 402, allowing
a bidder to identily a quantity of electricity from a location
and a maximum price for a unit of electricity from a location.
In the example shown by FIG. 4, a bidder 1s requesting 10
units for purchase from COB at a maximum price per item of
80 and 12 units for purchase from NP15 at a maximum price
per item of 90. In the example of FIG. 4, the maximum price
per 1tem at NP15 1s higher because the hypothetical buyer 1s
located 1n Northern California and the transmission cost from
COB (Califorma-Oregon border) reduces cost of energy
delivered to the Northern California border.

The data entry portion 402 also enables the user to describe
a bid group constraint. In the example of FI1G. 4, a bid group
constraint 1s entered to limit the overall quantity input for a
group to 12, indicating that the bidder 1s not offering to buy
more than 12 units of power 1n total from various locations.
For example, 11 the group 1s assigned 12 units of electricity at
NP15, zero units of electricity from COB and from SP15 are
assigned to the group. Market clearing prices calculated dur-
ing an auction or exchange account for data recetved via the
data entry portion 402 when the system 100 allocates items
among bidders. For example, suppose that the bids made by
the bidder in the example of FIG. 4 exceed the computed
market clearing prices. If the excess for NP15 1s greater than
the excess for COB, then the buyer 1s awarded twelve units of
power at NP15. However, 1f the excess 1s greater for COB than
for NP13, then the bidder 1s awarded 1ts maximum quantity of
10 at COB and 2 more units at NP15 so that the bidder
receives an overall quantity of 12, as specified in the data
entry portion 402.

FIG. 4 1llustrates an embodiment of the user interface 400
that includes an arrow 403 1ndicating the data entry portion
402 continues below the portion of the user interface 400
presented on a display device. In one embodiment, user input
1s received to modily the portion of the user interface 400
presented in the display device, allowing a bidder to view
additional portions of the data entry portion 402. For
example, a user, such as a bidder, provides input to a scroll bar
or another element to modify the portion of the data entry
portion 402 displayed on a display device.

In one embodiment, the 1tems offered in an auction or
exchange and 1dentified using the data entry portion 402 are
determined by an auctioneer based on custom parameters
identified from consultation with important traders. Simi-
larly, the participants 1n an auction or exchange may be deter-
mined by the auctioneer using custom parameters or via con-
sultation with important traders.
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FIG. 5 shows one embodiment of a second user interface
500 identiiying constraints on bids received via the data entry
portion 402. For example, the user interface 500 1s presented
to a bidder after the system 100 receives data via the user
interface 400 illustrated 1n FIG. 4. The user interface 500
includes a bid section 501 illustrating recerved bid groups
502, such as bid groups 502 received via the data entry portion
402. In the example of FIG. 5, the bid section 501 depicts the
bids entered above 1n conjunction with FIG. 4 as tree con-
strains 1n the bid section 501. In one embodiment, the bid
section 501 depicts recerved bids using a tree structure, allow-
ing hierarchical application of constraints to recerved bids. To
allow entry of additional bids and/or constraints, in one
embodiment the second user interface 500 includes the bid
type portion 401 and the data entry portion 402 described
above 1n conjunction with FIG. 4. In the example of FIG. 5,
additional bids are entered as FI1G. 5 depicts a bidder entering
a bid for four items from 3SP15 at a per item price of 90 and a
bid for six 1items from NP15 at a per item price of 88.

FIG. 6 shows an embodiment of a third user mterface 600
presented after multiple bid groups are received from a bid-
der. For example, the third user interface 600 1s presented
after the additional bids i1dentified in FIG. § are communi-
cated to the server 202. The third user intertace 600 includes
a second bid section 601 1dentifying the additional bids. The
bid section 501 depicts an expanded first bid tree 602 1denti-
tying bids included 1n a first bid group and the second bid
section 601 depicts an expanded second bid tree 604 1denti-
tying bids 1included 1n a second bid group.

FIGS. 7 and 8 show an example of an additional user
interface 700 displayed responsive to a user accessing one or
more selection buttons 702, 704 associated with a bid group.
Accessing a selection button 702, 704 associated with a bid
group highlights a selected bid group, allowing editing of the
bids included in a selected bid group. Additionally, accessing,
selection buttons 702, 704 associated with multiple bids
allows the bids associated with the accessed selection buttons
702, 704 to be linked using an overall rule. For example, total
quantity of the selected bid groups may be limited using a
total quantity constraint so that the selected bids act as sub-
rogated subsets of an overall bid. FIG. 8 shows additional
components of user interface 700. For example, the compo-
nents of the user interface 700 1llustrated by FIG. 8 are visible
via a trader system 206 responsive to receipt of an mput to
modity the portion of the user interface 700 presented 1n the
display device.

As shown 1n FIG. 8, the data entry portion 402 includes
additional subsections 802, 804, 806 and 808 for manipulat-
ing bid groups, bids and characteristics of the bid groups
and/or bids. For example, a delete subsection 802 includes
one or more data entry mechanisms to delete a bid group or a
bid. In one embodiment, the delete subsection 802 also
includes one or more data entry mechamisms for moditying
one or more attributes or options associated with a bid or a bid
group. For example, a bidder selects a bid or bid group using
a selection button 702, 704 associated with the bid or bid
group then accesses an element included 1n the delete subsec-
t1ion 802 to delete bid or bid group associated with the selected
selection button 702, 704.

In one embodiment, a group removal subsection 804
receives mput for removing a prior action grouping bids into
a bidding group. The user interface 700 may also include a
group creation subsection 806 recerving input from a user to
create a group of bids or to associate a constraint with bids or
bid groups. In the example depicted by FIG. 8, the group
creation subsection 806 has received input setting a constraint
that the total quantity assigned to the bid groups associated
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with the selection buttons 702, 704 1s 15 so that the bid groups
associated with the selection buttons 702, 704 comprise a
single bid group having a total quantity constraint of 13. In
one embodiment, the user interface 700 also includes a group
modification subsection 808 that receives an input to move a
bid group and an mput 1dentitying a bid group to which a
selected bid group 1s moved, simplifying modification of
hierarchical relationships between bids and/or bid groups.

FIG. 9 shows an embodiment of a user interface 900 for
generating a group from selected bids or selected bid groups.
In one embodiment, the user interface 900 1s displayed 1n
response to user interaction with the group creation subsec-
tion 806 described above in conjunction with FIG. 8. For
example, 1n response to an interaction with the group creation
subsection 806 to generate a bid group 1ncluding bids or bid
groups associated with selection buttons 702, 704, the bid
groups or bids are combined and a new bid group 1s generated
and associated with a selection button 902. Generation of the
new bid group also causes an additional bid section 901 to be
displayed along with the bid section 501 and the second bid
section 601 associated with previously received bids. The
additional bid section 901 depicts a hierarchical structure of
bid groups as the bid section 501 and the second bid section
601 are depicted as components of the additional bid section
901. The selection buttons 702, 704 are shown as linked on a
branch of a tree indicating a total of 15 units in the additional
bid section 901 and including two separate subrogated bids of
12 units 1n the bid section 501 and 8 units 1n the second bid
section 601. Modification elements 904 are associated with
the bid group section 501, the second bid group section 601
and the additional bid group section 901 to allow the bid
groups to be expanded or collapsed to show the bids within a
bid group. In one embodiment, the modification elements 904
allow presentation of the bids included in a bid group or of bid
groups included in a combination of bid groups as parts of a
tree, as 1s common 1n web-based user interfaces or other
interfaces having hierarchical data structures, such as direc-
tory trees.

FIG. 10 shows an example embodiment of a user interface
1000 generated by the assignment exchange and auction sys-
tem 100 recerving data from a bidder creating a bid to sell. The
user interface 1000 1s similar to that described above with
reference to FIG. 4. In the example of FIG. 10, the bid type
portion 401 indicates that the recerved data 1s for a bid to sell.
For example, a user interacts with a radio button, or other
suitable mput mechanism 1002 to identify the bid as a bid to
sell. Data identiiying the item to be sold, such as the number
of 1tems being sold and the mimmum price per item 1s
received by the data entry portion 402 and communicated to
the server 202 to create a bid to sell for use 1 an assignment
exchange or auction.

FIG. 11 shows an example embodiment of a user interface
1100 generated by the assignment exchange and auction sys-
tem 100 receiving data from a bidder creating a bid to swap.
In the example of FIG. 11 an input mechanism 1102, such as
aradio button, included 1n the bid type portion 401 1s accessed
to 1dentify that the bid 1s a swap type bid. The data entry
portion 402 then receives data from a bidder indicating
whether the bidder 1s buying or selling different types of items
and also recerves data describing a bid to buy or sell an item,
such as data described above 1n conjunction with FIGS. 4 and
10. To recerve data indicating whether a bidder 1s buying or
selling an 1tem, the data entry portion 402 displays a type
selector 1104 associated with different items. For example,
the data entry portion 402 displays a radio button, or other
input mechanism, associated with a bid to buy and a radio
button, or other input mechanism, associated with a bid to sell
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proximate to an identifier or other data associated with an
item, allowing a bidder to identify whether the bid 1s a bid to
sell or a bid to buy an 1tem by accessing the appropriate radio
button, or other input mechanism. In the example shown by
FIG. 11, a buyer located 1n northern California enters a swap
bid to swap power that the bidder owns at two locations,
identified as SP15 and COB in the example i FIG. 11, from
which transmission costs are high, for power from a third
location, 1dentified as NP15 in the example of FIG. 11, for
which there are no transmission costs. In the example of FIG.
11, the bidder 1s buying a maximum of 12 units of power from
NP13, selling a maximum of 8 units of power from SP15 and
selling a maximum of 9 units of power from COB. In one
embodiment, the assignment auction and exchange system
100 1mplements a swap bid by enforcing a constraint that total
quantity of items assigned to the swap bid 1s zero; hence, 1n
one embodiment the total amount of items purchased equals
the total amount of 1tems sold. In an alternate embodiment of
a swap bid, the maximum net purchase of i1tems and the
maximum net sale of items are be unequal and set to non-zero
values. An alternate embodiment enables bidders to modity a
message concerning the substitution hierarchy by dragging
and dropping a bid or a group of bids under another group
indicator, which 1s taken to mean that the former bid or group
1s subject to the substitution constraints of the superior group.

FIGS. 12 and 13 show examples of user mterfaces 1200,
1300 for displaying results after bid entry and computation of
auction or exchange results. User interface 1200 includes a
bid presentation region 1202, while user interface 1300
includes a similar bid presentation region 1302, to display
bids and bid groups used during the auction or exchange. In
one embodiment, user intertaces 1200, 1300 are displayed to
a system admimstrator or to an auctioneer, so the example
user interfaces 1200, 1300 organize bids and bid groups
according to the bidder placing the bid or bid group. In the
examples of FIGS. 12, and 13, the example user interfaces
1200, 1300 depict bids recerved from two bidders, identified
as Paul and Sally, and group the bids or bid groups based
whether a bid or bid group was recerved from Paul or from
Sally. In another embodiment where a user interface 1200,
1300 1s presented to a particular bidder via a trading system
206, bid groups or bids placed by the particular bidder, rather
than bids from multiple bidders, are displayed in the bid
presentation region 1202, 1302.

In one embodiment, the bid presentation region 1202, 1302
visually differentiates different types of bids. In one embodi-
ment, the bid presentation region 1202, 1302 color codes bids
according to bid type, allowing a bidder to easily distinguish
types of bids within a bid group. For example, bids to buy are
shown using text having a first color and bids to sell are shown
using text having a second color. In one embodiment, addi-
tional visual differentiation 1s used to indicate whether bids
are filled or unfilled as a result of the auction or exchange. For
example, a background region proximate to text of a bid that
has been filled 1s displayed using a third color while a back-
ground region proximate to text of a bid that has not been
filled 1s displayed using a fourth color. In other embodiments,
visual indications of bid type and status other than color or
used, such as use of different text fonts, use of different text
styles or formats, use of graphical icons or use of other suit-
able visual indicators.

The example user interface 1300 1llustrated by FIG. 13 also
shows the results of a swap bid including both bids to buy and
offers to sell. In one embodiment, the swap bid 1s visually
differentiated from other types of bids. For example, a color
scheme 1s applied to the swap bid to 1dentity 1t, such as using
a fifth color to display text of the swap bid. In one embodi-
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ment, a text indicator, such as “swap” 1s also displayed to
identify the swap bid, as shown 1n FIG. 13 by the text “swap”
in the column identified as “Max #.” An indicator that a bid 1s
a swap bid indicates that the total quantities purchased and
sold 1n the swap bid are equal.

While FIGS. 4-13 describe examples of user interfaces
allowing a bidder to communicate bids, constraints or other
data from a bidder device 110 to a server 120, in one embodi-
ment bidders communicate data files including structured
data to the server 120 describing bids, constraints or other
data. For example, bidders describe one or more bids using a
markup language document, such as an extensible markup
language (XML) document, where tags i1dentily different
components of a bid message, such as a bidder i1dentifier, an
item 1dentifier, a maximum quantity associated with the item
identifier and a price associated with the item identifier. The
markup language document may also include additional tags
identifying one or more constraints or additional data or
attributes, such as those described above in conjunction with
FIG. 2. In one embodiment, one or more markup language
documents associated with bidder identifiers are stored by the
server 120. Appendix A provides an example XML document
describing configuration of an auction as well as describing
bids for items 1n an auction. Appendix B provides an example
of an XML schema specitying attributes used to configure an
auction, place bids in an auction or 1identify constraints used
in an auction.

The disclosed assignment auction and exchange system
100 beneficially achieves maximum value relative to the bids,
determines market-clearing item prices, increases the accu-
rate with which prices reflect relevant differences 1n cost and
value to the bidders (including buyers, sellers, and swappers),
determines integer solutions supported by market-clearing
prices and allows quick and easy bidding.

The foregoing description of the embodiments of the
present invention has been presented for the purposes of
illustration and description. It is not intended to be exhaustive
or to limit the present invention to the precise form disclosed.
Many modifications and variations are possible in light of the
above teaching. It 1s intended that the scope of the present
invention be limited not by this detailled description, but
rather by the claims of this application. As will be understood
by those familiar with the art, the present invention may be
embodied 1n other specific forms without departing from the
spirit or essential characteristics thereof. Likewise, the par-
ticular naming and division of the modules, routines, features,
attributes, methodologies and other aspects are not manda-
tory or significant, and the mechanisms that implement the
present invention or 1its features may have different names,
divisions and/or formats. Furthermore, as will be apparent to
one of ordinary skill in the relevant art, the modules, routines,
teatures, attributes, methodologies and other aspects of the
present invention can be implemented as software, hardware,
firmware or any combination of the three. Also, wherever a
component, an example of which 1s a module, of the present
invention 1s implemented as software, the component can be
implemented as a standalone program, as part of a larger
program, as a plurality of separate programs, as a statically or
dynamically linked library, as a kernel loadable module, as a
device driver, and/or in every and any other way known now
or 1n the future to those of ordinary skill in the art of computer
programming. Additionally, the present imvention 1s 1n no
way limited to implementation 1n any specific programming,
language, or for any specific operating system or environ-
ment. Accordingly, the disclosure of the present invention 1s
intended to be illustrative, but not limiting, of the scope of the
present invention, which 1s set forth 1n the following claims.
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APPENDIX A

Appendix A provides an example XML document associ-
ated with an auction, illustrating the use of various XML tags
to 1dentily and differentiate between data used 1n configuring,
an auction. In the example of Appendix A, an auction 1d
identified by the data specified in the <auction name™ tag, and
auction options are i1dentified within the <auctionOptions>
and </auctionOptions> tags. For example, the auction auc-
tions 1n Appendix A identily a maximum of three sellers,
specily the level of precision used 1n displaying prices, speci-
fies tiebreaker rules used by the auction, mimimum quantities

tor groups and price rules used during the auction. In addition
to 1dentifying auction configuration data, Appendix A pro-
vides examples of XML data identifying bidders as well as
examples of bids placed by different bidders participating 1n
the auction.

- <MaaXData>
- <header>

<action>archive</action>

<signature>abcxyz</signature>

<revision>1.0</revision=>

<timestamp>11/18/2010 9:52:02 AM</timestamp>-

</header>

- <auction name="we_demo4” auctionld="4885" status="2"
created="11/8/2010 8:47:44 AM™ auctionSolved="False’>
- <auctionOptions>

<auctionOption label="Maximum number of sellers” index="3"
textValue=""" value="20" valueString="20"" />

<auctionOption label="Precision for prices (digits to right of decimal)
index="12" textValue=""" value="2" valueString="#.##" />

<auctionOption label="Use bid descriptions” index="9" textValue=
value="1"" valueString="0n"" />

<auctionOption label="Bidder Tiebreak rule” index="11"
textValue=""" value="0"" valueString="No Bidder TieBreak™ />

<auctionOption label="Item tiebreak rule” index="7"" textValue=
value="0"" valueString="No Item Tiebreak™ />

<auctionOption label="Market” index="5" textValue=""" value="0"
valueString="Forward auction™ />

<auctionOption label="Minimum Quantity” index="32" textValue=""’
value="1" valueString="Use Min quantity for groups™ />

<auctionOption label="Price rule” index="4" textValue=
valueString= “Pay as bid” />

</auctionOptions>

- <bidderBindings>

<bidderBinding name="Load10” mayBuy="“true”
quota="1000000000" />

<bidderBinding name="Lo0ad9” mayBuy="true” quota="“1000000000"
/>

<bidderBinding name="Load&"” mayBuy="true” quota="1000000000"
>

<bidderBinding name="Load 7’ mayBuy="true” quota="1000000000"
>

<bidderBinding name="Load6” mayBuy="true” quota="1000000000"
>

<bidderBinding name="Load5” mayBuy="true” quota="1000000000"
>

<bidderBinding name="Load4” mayBuy="true” quota="1000000000"
/>

<bidderBinding name="Load3” mayBuy="true” quota="1000000000"
/>

<bidderBinding name="Load2” mayBuy="true” quota="1000000000"
/>

<bidderBinding name="Load1” mayBuy="true” quota="1000000000"
/>

<bidderBinding name="Generator” maySell="true”
quota="1000000000" />

<bidderBinding name="Buyer 1” mayBuy="true” maySell="true”
quota="36000000000” />

<bidderBinding name="steve’ quota="1000000000" />

el

Re??

B3

G2

value="3"

</bidderBindings>
- <itemBindings>
<itemBinding name="Pwr2011_12M" />
<itemBinding name="Pwr2011_11M" />
<itemBinding name="Pwr2011_10M" />
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-continued
<itemBinding name="Pwr2011_09M” />
<itemBinding name="Pwr2011_08M” />
<itemBinding name="Pwr2011_07M” />
<itemBinding name="Pwr2011_06M” />
<itemBinding name="Pwr2011_05M” />
<itemBinding name="Pwr2011_04M” />
<itemBinding name="Pwr2011_03M” />
<itemBinding name="Pwr2011_02M" />
<itemBinding name="Pwr2011_01M” />
<itemBinding name="Pwr2011_12" />
<itemBinding name="Pwr2011_11" />
<itemBinding name="Pwr2011_10" />
<itemBinding name="Pwr2011_09” />
<itemBinding name="Pwr2011_08” />
<itemBinding name="Pwr2011_07" />
<itemBinding name="Pwr2011_06" />
<itemBinding name="Pwr2011_05" />
<itemBinding name="Pwr2011_04" />
<itemBinding name="Pwr2011_03" />
<itemBinding name="Pwr2011_02" />
<itemBinding name="Pwr2011_01" />

</itemBindings>
- <bids>

- <bidderRoot bidderName="Loadl10” description="Load10’s bids”>
- <substitutionGroup buySell="buy” qty="12" minQty="*12"

description="All or none fill”’>

<bid itemName="Pwr2011_08" buySell="buy” price="53.1" qty="12"

/>
</substitutionGroup>
</bidderRoot>

- <bidderRoot bidderName="Load&" description="Load&’s bids’">

- <substitutionGroup buySell="buy” qty="7" description="Group 16>
<bid itemName="Pwr2011_12" buySell="buy” price="52" qty="7" />
<bid iternName="Pwr2011_12M" buySell="buy” price="51"" qty="7"

/>
</substitutionGroup>
</bidderRoot>

- <bidderRoot bidderName="T.oad7” description="1.oad7’s bids”>

</bidderRoot>

<bid itemName="Pwr2011_04" buySell
<bid itemName="Pwr2011_06"" buySell=
<bid itemName="Pwr2011_05" buySell=

ek

-4

ek

ouy”’ price="52" qty="1
buy”” price="52" qty="1

ﬁ?l/::_
j:.f::h

ouy”’ price="52" qty="1

- <bidderRoot bidderName="Load5” description="Load5’s bids”>
<bid itemName="Pwr2011_09” buySell="buy” price="51.23" qty="5"

/>

hﬁﬂl/::_

<bid itemName="Pwr2011_10" buySell="buy” price="51.27" qty="5"

/>

<bid itemName="Pwr2011_11" buySell="buy” price="52.23" qty="5"

/>

<bid itemName="Pwr2011_12" buySell="buy” price="53.42" qty="5"

[
</bidderRoot>

- <bidderRoot bidderName="T.oad6” description="1.oad6’s bids”>
- <substitutionGroup buySell="buy” qty="30" minQty="30"

Elescripti-::m=“All or none filI”>

<bid itemName="Pwr2011_07" buySell="buy” price="52.32"

qty="10"" />

<bid itemName="Pwr2011_08" buySell="buy” price="53.27"

qty="10"" />

<bid itemName="Pwr2011_09” buySell="buy” price="49.23"

qty="10"" />
</substitutionGroup>
</bidderRoot>

- <bidderRoot bidderName="Load4” description="Load4’s bids ">
- <substitutionGroup buySell="buy” qty="7" description="September

margin or not’”>

<bid itemName="Pwr2011_09M” buySell="buy” price="52.15"

[[tjfi===E:F’= ft:h

<bid itemName="Pwr2011_09” buySell="buy” price="52.92" qty="7"
description="Non marginable at a premium™ />

</substitutionGroup>

<bid itemName="Pwr2011_10" buySell="buy” price="51.27" qty="8"

/>

<bid itemName="Pwr2011_11" buySell="buy” price="51.23" qty="%8"

/>

<bid itemName="Pwr2011_12" buySell="buy” price="52.32" qty="7"

[
</bidderRoot>

- <bidderRoot bidderName="Load3” description="Load3’s bids ">
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-continued

- <substitutionGroup buySell="buy” qty="36" minQty="36"
description="All or none fill”>

<bid itemName="Pwr2011_01"" buySell="buy” price="53.32" qty="9"

/>
<bid itemName="Pwr2011_02" buySell="buy” price="53.27" qty="9"
/>
<bid itemName="Pwr2011_03" buySell="buy” price="53.23" qty="9"
/>
<bid itemName="Pwr2011_04"" buySell="buy” price="52" qty="9" />
</substitutionGroup>
</bidderRoot>

- <bidderRoot bidderName="Load2” description="Load2’s bids™>
<bid itemName="Pwr2011_01M" buySell="buy” price="47.92"
qty="5" />
</bidderRoot>
- <bidderRoot bidderName="Loadl” description="Load1’s bids™>
<bid itemName="Pwr2011_11" buySell="buy” price="51.42" qty="3"
>
</bidderRoot>
- <bidderRoot bidderName="Generator” description="Generator’s
offers™>
- <substitutionGroup buySell="sell” gty="8” description="Non-
marginable substitutes for marginable at $1 premium™>
<bid itemName="Pwr2011_12M" buySell="sell” price="49.1"

q—t}r=i583! /:,'.-'F"
<bid itemName="Pwr2011_12" buySell="sell” price="50.15" qty="8"
/=
</substitutionGroup>

- <substitutionGroup buySell="sell” qty="8"" description="Non-
marginable substitutes for marginable at $1 premium™>
<bid itemName="Pwr2011_11M" buySell="sell” price="49.15"

qty=i583!/::_
<bid itemName="Pwr2011_11"" buySell="sell” price="50.1"" qty="8"
/>
</substitutionGroup>

- <substitutionGroup buySell="sell” qty="10"" description="Non-
marginable substitutes for marginable at $1 premium”>
<bid itemName="Pwr2011_10M" buySell="sell” price="49.75"

qty=i510!':‘ /;_
<bid itemName="Pwr2011_10" buySell="sell” price="50.7" qty="10"
/>
</substitutionGroup>

- <substitutionGroup buySell="sell” qty="12"" description="Non-
marginable substitutes for marginable at $1 premium”>
<bid itemName="Pwr2011_08M" buySell="sell” price="49.7"
qty="12" />
<bid itemName="Pwr2011_08" buySell="sell” price="50.75"
qty="12" />
</substitutionGroup>
- <substitutionGroup buySell="sell”” qty="12"" description="Non-
marginable substitutes for marginable at $1 premium”>
<bid itemName="Pwr2011_09M"” buySell="sell” price="50.3"
qty="12" />
<bid itemName="Pwr2011_09” buySell="sell” price="51.34"
qty="12" />
</substitutitonGroup>
</bidderRoot>
</bids>
</auction>
</MaaXData>

APPENDIX B

Appendix B provides an example XML schema 1dentify-
ing various tags used to 1dentity data associated with auction
configuration, bidders, groups and bids from bidders. While

, schema for

Appendix B shows one embodiment of an XM.

configuring and/or implementing an assignment auction, 1n
other embodiments, an XML schema including different and/

or additional components may be used

<Mxml version="1.0"
encoding="utf-8’7>
<xs:schema
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-continued

attributeFormDefault =“qualified”
elementFormDefault="qualified”
xmlns:xs="http://www.w3.org/2001/XMLScheman’>
<xs:attributeGroup name="mayBuySell” >
<xs:attribute name="mayBuy” type="xs:boolean” use="optional”
default="false”/>
<xs:attribute name="maySell” type="xs:boolean” use="optional”
default="false”/>
<xs:attribute name="maySwap” type="xs:boolean” use="“optional”
default="false/>
</xs:attributeGroup>
<xs:attributeGroup name="bid Attributes’>
<xs:attribute name="1temName™ use=""optional” type="xs:string”/>
<xs:attribute name="buySell” use="optional” type="xs:string”/>
<xs:attribute name="price” use="optional” type="xs:double” />
<xs:attribute name="qty”” use="optional” type="xs:double” />
<xs:attribute name="minQty”” use="optional” type="xs:double” />
<xs:attribute name="1l1Qty”* use="optional” type="xs:double” />
<xs:attribute name="1illPrice” use="optional” type="xs:double” />
<xs:attribute name="description” use="optional” type="xs:string”’/>
<xs:attribute name="effectiveness” use="“optional”
type="xs:double” />
<xs:attribute name="fixedCost” use="optional” type="xs:double” />
<xs:attribute name="contingentBid” use="optional”
type="xs:integer” />
<xs:attribute name="logicalQty” use="optional” type="xs:double”
>
<xs:attribute name="logicalMinQty” use="optional”
type="xs:double” />
<xs:attribute name="marketBid” use="optional” type="xs:boolean”
>
<xs:attribute name="nodeType” use="optional™/>
<xs:attribute name="parentNode” use="“optional” type="xs:integer”
/>
<xs:attribute name="bidNodeld” use="optional” type="“xs:integer”
/>
</xs:attributeGroup>
<xs:attributeGroup name="groupAttributes”>
<xs:attribute name="budget” use="optional” type="xs:float” />
<xs:attribute name="quota” use="optional” type="xs:double” />
<xs:attribute name="buySell” use="optional” type="xs:string”/>
<xs:attribute name="price” use="optional” type="xs:double” />
<xs:attribute name="qty”’ use="optional” type="xs:double” />
<xs:attribute name="minQty” use="optional” type="xs:double” />
<xs:attribute name="1illQty” use="optional” type="xs:double” />
<xs:attribute name="fill Price” use="optional” type="“xs:double” />
<xs:attribute name="description” use="optional” type="xs:string’’/>
<xs:attribute name="effectiveness” use="“optional”
type="xs:double” />
<xs:attribute name="fixedCost™” use="optional” type="xs:double” />
<xs:attribute name="contingentBid” use="optional”
type="xs:integer” />
<xs:attribute name="logicalQty” use="optional” type="xs:double”
/>
<xs:attribute name="logicalMinQty” use="optional”
type="xs:double” />
<xs:attribute name="marketBid” use=""optional” type="“xs:boolean™
/>
<xs:attribute name="nodeType” use="optional” />
<xs:attribute name="parentNode” use="optional” type="xs:integer”
/>
<xs:attribute name="bidNodeld” use="optional” type="xs:integer”

</xs:attributeGroup>
<!-- definition of simple elements -->
<xXs:element name="signature” type="xs:string >
</xs:element>
<xs:element name="timestamp” type="xs:string”>
</xs:element>
<xs:element name="action” type="xs:string’>
</xs:element>
<xs:element name="version” type="xs:float’”>
</xs:element>
<xs:element name="1temBinding” >
<xs:complexType>
<xs:attribute name="name” use="required” type="xs:string”/>
</xs:complexType>
</xs:element>
<xs:complexType name="bidType”>
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-continued

<Xs:sequence”>
<xs:element ref="substitutionGroup” maxOccurs="unbounded”
minOccurs="0" />
<xs:element name="bi1d” maxOccurs="unbounded”
minOccurs="0"/>
</X$:sequence>
<xs:attributeGroup ref="bidAttributes™ />
</xs:complexType>
<xs:element name="bid” type="bidType’></Xs:element>
<xs:complexType name="subType”>
<Xs:sequence~
<xs:element ref="substitutionGroup” maxOccurs="unbounded”
minOccurs="0" />
<xs:element ref="bid” maxOccurs="“unbounded” minOccurs="0"
/>
</Xs:sequence>
<xs:attributeGroup ref="group Attributes” />
</xs:complexType>
<xs:element name="substitutionGroup’>
<xs:complexType>
<Xs:sequence>
<xs:element name="substitutionGroup” type="“subType”
minOccurs="0" maxOccurs="unbounded”/>
<xs:element ref="bid” maxOccurs="unbounded”
minOccurs="0" />
</X8:sequence>
<xs:attributeGroup ref="group Attributes™ />
</xs:complexType>
</xs:element>
<xs:element name="logicalGroup’>
<xs:complexType>
<xs:sequence maxOccurs="10000" minOccurs="0">
<xs:element ref="substitutionGroup”></xs:element>
<xs:element name="bid” block="#all” >
<xs:complexType>
<xs:sequence maxOccurs="10000” minOccurs="0"">
<xs:element ref="substitutionGroup”></xs:element>
<xs:element name="bid” block="#all” >
<xs:complexType>
<xs:sequence maxOccurs="10000"
minOccurs="0"">
<xs:element
ref="substitutionGroup’></xs:element>
<xs:element name="bid” block="#all” >
<xs:complexType>
<XS:sequence
maxQOccurs="“10000"mmOccurs="0"">
<xs:element ref="substitutionGroup”></xs:element>
<xs:element name="bid” block="#all”” >
<xs:complexType>
<xs:sequence maxOccurs="“10000" minOccurs="0">
<xs:element ref="substitutionGroup’></xs:element>
<xs:element name="bid” block="#all” >
<xs:complexType>
<xs:attributeGroup ref="bid Attributes™ />
</xs:complexType>
</xs:element>
</Xs:sequence>
<xs:attributeGroup ref="bid Attributes™ />
</xs:complexType>
</xs:element>
</X8:sequence>
<xs:attributeGroup ref="bid Attributes™ />
</xs:complexType>
</xs:element>

</X$:sequence>
<xs:attributeGroup ref="bid Attributes™ />
</xs:complexType>
</xs:element>
</Xs:sequence>
<xs:attributeGroup ref="bidAttributes” />
</xs:complexType>
</xs:element>
</X$:sequence>
<xs:attribute name="bidderName” use="required”
type="xs:string”/>
<xs:attribute name="budget” use="optional” type="xs:double” />
<xs:attribute name="quota” use="optional” type="xs:double” />
<xs:attribute name="description” use="optional” type="xs:string’’/>
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-continued

<xs:attribute name="parentNode” use="optional” type="xs:integer”

/>

<xs:attribute name="bidNodeld” use="optional” type="xs:integer”

/>

</xs:complexType>
</xs:element>
<xs:element name="swapGroup’>
<xs:complexType>
<xs:sequence maxOccurs="unbounded” mimOccurs="0"">
<xs:element name="b1d” type="bid Type” />
</Xs:sequence>
<xs:attributeGroup ref="group Attributes™ />
</xs:complexType>
</Xxs:element>
<xs:element name="demandCurve’>
<xs:complexType>
<xs:sequence maxOccurs="unbounded” minOccurs="0"">
<xs:element name="bid” block="#all”">
<xs:complexType>
<xs:attributeGroup ref="bidAttributes™ />
</xs:complexType>
</xs:element>
</Xs:sequence>
<xs:attributeGroup ref="groupAttributes” />
</xs:complexType>
</Xs:element>
<xs:element name="singleFillGroup™>
<xs:complexType>
<xs:sequence maxOccurs="unbounded” mmOccurs="0"">
<xs:element name="bid” block="#all” >
<xs:complexType>
<xs:attributeGroup ref="bidAttributes™ />
</xs:complexType>
</xs:element>
</Xs:sequence>
<xs:attributeGroup ref="groupAttributes™/>
</xs:complexType>
</Xxs:element>
<xs:element name="bidderRoot>
<xs:complexType>
<Xs:sequence-~
<xs:element ref="substitutionGroup” maxOccurs="“unbounded”
minOccurs="0" />
<xs:element ref="bid” maxOccurs="“unbounded” minOccurs="0"
/>
<xs:element ref="swapGroup” maxOccurs="unbounded”
minOccurs="“0" />
<xs:element ref="logical Group” maxOccurs="“unbounded™
minOccurs="0"/>
<xs:element ref="demandCurve” maxOccurs="“unbounded”
minOccurs="“0" />
<xs:element ref="singlelFillGroup” maxOccurs="“unbounded”
minOccurs="“0" />
</X$:sequence>
<xs:attribute name="bidderName” use="required”
type="xs:string”’/>
<xs:attribute name="budget” use="optional” type="xs:double” />
<xs:attribute name="quota” use="optional” type="“xs:double” />
<xs:attribute name="description” use="“optional” type="“xs:string”

/>

<xs:attribute name="parentNode” use="“optional” type="“xs:integer”
>

<xs:attribute name="bidNodeld” use="optional” type="xs:integer”
>

</xs:complexType>
</Xs:element>
<xs:element name="bidder” >
<xs:complexType>
<xs:attribute name="name” use="required” type=""xs:string”’/>
<xs:attributeGroup ref="mayBuySell”/>
</xs:complexType>
</xs:element>
<xs:element name="1tem” type="xs:string”>
</Xs:element>
<!-- definition of complex elements -->
<xs:element name="header”>
<xs:complexType>
<xs:all>
<xs:element ref="action”/>
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-continued

<xs:element ref="signature/>
<xs:element ref="version” minOccurs="1"" />
<xs:element ref="timestamp”/>
</xs:all>
</xs:complexType>
</xs:element>
<xs:element name="bidders’>
<xs:complexType>
<Xs:sequence~
<xs:element ref="bidder” maxOccurs="10000"” minOccurs="0"/>
</Xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="1tems”>
<xs:complexType>
<Xs:sequence-”
<xs:element ref="1tem” maxOccurs="10000" minOccurs="“0""/>
</Xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="bidderBindings™>
<xs:complexType>
<Xs:sequence-”
<xs:element name="bidderBinding” maxOccurs="1000"
minOccurs="0" >
<xs:complexType>
<xs:attribute name="name” use="required” />
<xs:attribute name="mayBuy” type="xs:boolean”
default="false”/>
<xs:attribute name="maySell” type="xs:boolean”
default="false”/>
<xs:attribute name="maySwap” type="xs:boolean”
default="false”/>
</xs:complexType>
</xs:element>
</Xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="1temBindings™>
<xs:complexType>
<Xs:sequence-~
<xs:element ref="1temBinding”” maxOccurs="1000"
minOccurs="0"/>
</Xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="bids>
<xs:complexType>
<Xs:sequence>
<xs:element ref="bidderRoot” maxOccurs="*100000"
minOccurs="0"/>
</X$:sequence>
</xs:complexType>
</xs:element>
<xs:element name="auction’>
<xs:complexType>
<xs:all>
<xs:element name="auctionOptions>
<xs:complexType>
<XSs:isequence>
<xs:element name="auctionOption” maxOccurs="“150"
minOccurs="0">
<xs:complexType>
<xs:aftribute name="label” type="xs:string” />
<xs:aftribute name="index” type="xs:nteger” />
<xs:aftribute name="textValue” type="xs:string” />
<xs:aftribute name="value” type="xs:integer” />
<xs:aftribute name="valueString” type="xs:string” />
</xs:complexType>
</xs:element>
</Xs:sequence>
</xs:complexType>
</xs:element>
<xs:element ref="bidderBindings™ />

<xs:element ref="1temBindings™ />
<xs:element ref="bids” />
</xs:all>
<xs:attribute name="name”use="required” />
<xs:attribute name="auctionld” use="required” />
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-continued

<xs:attribute name="status” use="required” />
<xs:aftribute name="created” use="required” />
<xs:attribute name="auctionSolved” use="required”/>
</xs:complexType>
</xs:element>
<xs:element name="MaaXData’>
<xs:complexType>
<xs:all>
<xs:element ref="header” minOccurs="1" />
<xs:element ref="bidders” minOccurs="0"" />
<xs:element ref="1tems” minOccurs="0"" />
<xs:element ref="auction” minOccurs="0"" />
</xs:all>
</xs:complexType>
</xs:element>
</Xs:8chema>

What 1s claimed 1s:

1. An apparatus for allocating one or more 1tems 1n an
auction and exchange, comprising;:

a processor; and

a tangible computer readable storage medium including

instructions that, when executed by the processor cause

the processor to:

receive data 1dentifying the one or more items and 1den-
tifying one or more bidder identifiers, a bidder 1den-
tifier associated with a bidder;

receive bidder preference data associated with a first
bidder 1dentifier;

receive one or more first bid messages from a first bidder
device associated with a first bidder having a first
bidder 1dentifier, a first bid message including the first
bidder identifier, an 1item 1dentifier, a maximum quan-
tity associated with the item identifier and the first
bidder 1dentifier and a first price associated with the
item 1dentifier;

receive one or more second bid messages from a second
bidder device associated with a second bidder having
a second bidder identifier, a second bid message
including the second bidder 1dentifier, the 1tem 1den-
tifier, a maximum quantity associated with the item
identifier and the second bidder 1dentifier and a sec-
ond price associated with the item 1dentifier;

determine prices associated with the one or more 1items
using one or more stored pricing rules;

determine an allocation of 1tems between the first bidder
and the second bidder, the allocation maximizing a
total difference between one or more maximum prices
associated with bid messages to buy one or more
items and one or more mimmum prices of bids to sell
one or more 1tems; and

determine prices associated with the one or more 1tems
using one or more stored pricing rules.

2. The apparatus of claim 1 wherein the first bid message
further includes a constraint affecting allocation of one or
more 1tems to the first bidder and wherein the allocation
maximizes the total difference between one or more maxi-
mum prices associated with bid messages to buy one or more
items and one or more minimum prices of bids to sell one or
more 1items subject to the constraint.

3. The apparatus of claim 2, wherein the constraint com-
prises a budget identifying a maximum total price for a quan-
tity associated with the item 1dentifier

4. The apparatus of claim 3, wherein the bidder preference
data includes a credit limit associated with the first bidder.

5. The apparatus of claim 4, wherein the allocation maxi-
mizes the total difference between one or more maximum
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prices associated with bid messages to buy one or more items
and one or more minimum prices of bids to sell one or more
items subject to the mimmum of the budget and the credit
limat.

6. The apparatus of claim 2, wherein the constraint com-
prises a quota identilying a maximum quantity associated
with the item 1dentifier.

7. The apparatus of claim 2, wherein the constraint com-
prises a fixed cost associated with a bid group including one
or more bid messages.

8. The apparatus of claim 7, wherein determining the allo-
cation of items between the first bidder and the second bidder:

determines a total bid group difference between one or
more maximum prices associated with bid messages to
buy one or more items included 1n the bid group and one
or more minimum prices of bids to sell one or more 1items
included in the bid group, and

allocates items to the first bidder responsive to the total bid
group diflerence equaling or exceeding the fixed cost.

9. The apparatus of claim 1, wherein the first bid message
turther includes an effectiveness coellicient associated with
the 1tem 1dentifier.

10. The apparatus of claim 1, wherein the one or more first
bid messages include a swap bid message, the swap bid com-
prising a linked group of a bid message to buy and a bid
message to sell in which a maximum quantity included in the
bid message to buy and a maximum quantity included 1n the
bid message to sell are equal.

11. The apparatus of claim 1, wherein the first bid message
comprises a markup language document.

12. The apparatus of claim 11, wherein the markup lan-
guage document comprises an extensible markup language
(XML) document.

13. The apparatus of claim 1, further comprising:

a communication unit coupled to the processor and to the
tangible computer readable storage medium, the com-
munication unit transmitting a first message identifying
the allocation of items to the first bidder to the first
bidder device.

14. The apparatus of claim 13, wherein data included first

message 1s determined by the bidder preference data.

15. The apparatus of claim 14, wherein the first message
includes a hierarchical description of one or more recerved
bid messages.

16. The apparatus of claim 13, wherein the bidder prefer-
ence data identifies a minimum amount of data included 1n the
{irst message.

17. The apparatus of claim 1, wherein the bidder preference
data identifies a format associated with the first message.

18. A system for allocating one or more 1tems 1n an auction
and exchange, comprising:

a first bidder device associated with a first bidder:

a second bidder device associated with a second bidder;

a server coupled to the first bidder device and to the second

bidder device, the server for:

receiving data identifying the one or more 1tems, a first
bidder identifier associated with the first bidder and a
second bidder identifier associated with the second
bidder;

receiving bidder preference data associated the first bid-
der;

receiving one or more {irst bid messages from the first
bidder device, a first bid message including the first
bidder identifier, an 1tem 1dentifier, a maximum quan-
tity associated with the item identifier and the first
bidder identifier and a first price associated with the
1tem 1dentifier;

10

15

20

25

30

35

40

45

50

55

60

65

36

receiving one or more second bid messages from the
second bidder device, a second bid message including
the second bidder identifier, the item 1identifier, a
maximum quantity associated with the item 1dentifier
and the second bidder identifier and a second price
assoclated with the 1item 1dentifier;

determining prices associated with the one or more
items using one or more stored pricing rules; and

determining an allocation of 1tems between the first bid-
der and the second bidder, the allocation maximizing,
a total difference between one or more maximum
prices associated with bid messages to buy one or
more 1tems and one or more minimum prices of bids
to sell one or more 1tems.

19. The system of claim 18, wherein the server 1s further
configured to transmit a first message 1dentifying the alloca-
tion of items to the first bidder to the first bidder device.

20. The system of claim 19, wherein the bidder preference
data 1dentifies a format associated with the first message and
identifies data included 1n the first message.

21. The apparatus of claim 20, wherein the first message
includes a hierarchical description of one or more recerved
bid messages.

22. The system of claim 18, wherein the first bid message
further includes a constraint affecting allocation of one or
more items to the first bidder and wherein the allocation
maximizes the total difference between one or more maxi-
mum prices associated with bid messages to buy one or more
items and one or more minimum prices of bids to sell one or
more 1items subject to the constraint.

23. The system of claim 22, wherein the constraint com-
prises a budget identifying a maximum of a product of maxi-
mum quantity and the first price.

24. The system of claim 23, wherein the bidder preference
data includes a credit limit associated with the first bidder.

25. The system of claim 24, wherein the allocation maxi-
mizes the total difference between one or more maximum
prices associated with bid messages to buy one or more 1tems
and one or more minimum prices of bids to sell one or more
items subject to the minimum of the budget and the credit
limat.

26. The system of claim 18, wherein the allocation of items
between the first bidder and the second bidder determines
allocation of the 1tem between the first bidder and the second
bidder using a first priority score associated with the first
bidder and a second priority score associated with the second
bidder responsive to a first difference between a maximum
item price associated with the first bidder and a minimum
item price associated with the first bidder equaling a second
difference between a maximum 1tem price associated with the
second bidder and a minimum item price associated with the
second bidder.

277. The system of claim 18, wherein the first bid message
comprises a markup language document.

28. The system of claim 27, wherein the markup language
document comprises an extensible markup language (XML)
document.

29. A computer-implemented method for allocating one or
more 1tems 1n an auction and exchange, comprising:

receving, at a server, data identifying the one or more

items and 1dentifying one or more bidder identifiers, a
bidder 1dentifier associated with a bidder;

recerving, at the server, bidder preference data associated

with a first bidder 1dentifier:;

recerving, at the server, one or more first bid messages from

a first bidder device associated with a first bidder having
a first bidder identifier, a first bid message including the
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first bidder identifier, an item identifier, a maximum bidding agent, the bidding agent storing data to the bid-

quantity associated with the item identifier and the first der device distinguishing the bid form the first bidder

bidder identifier and a first price associated with the item and the one or more false bids.

identifier; 31. The method of claim 30, wherein determining, at the
receiving, at the server, one or more second bid messages 3 SErver, the allocation of items between the first bidder and the

from a second bidder device associated with a second second bidder uses the bid from the first bidder and the one or

more false bids from the bidding agent.
32. The method of claim 31, wherein determining, at the
server, the allocation of items between the first bidder and the
10 second bidder further comprises:
transmitting an avowal request from the server to the first
bidder device, the avowal request to determine whether

bidder having a second bidder i1dentifier, a second bid
message including the second bidder 1dentifier, the item

identifier, a maximum quantity associated with the 1tem
identifier and the second bidder 1dentifier and a second
price associated with the item 1dentifier;

determining, at the server, prices associated with the one or , _ L _ L
more items using one or more stored pricing rules; and a bid used 1n the allocation 1s a false bid from the bidding,

determining, at the server, an allocation of 1tems between agent‘; and .
the first bidder and the second bidder the allocation >  responsive to receiving, at the server, data from the server
’ indicating the bid used 1n the allocation 1s the false bid

from the bidding agent, removing the bid used in the
allocation and determining a second allocation of 1tems
between the first bidder and the second bidder.
20 33. The method of claim 32, wherein determining, at the
server, the allocation of items between the first bidder and the
second bidder further comprises:

transmitting a bidding agent to the first bidder device, the trapsmi?tiqg data from the SCIVEL to the first bidd?r device
bidding agent associated with the first bidder identifier identifying the allocation of items to the first bidder and

and is private to the first bidder; and 25 iitiating removal of the bidding agent from the first

rece1ving, at the server, a bid message including a bid from bidder device.
the first bidder and one or more false bids from the £ % % % %

maximizing a total difference between one or more
maximum prices associated with bid messages to buy
one or more 1tems and one or more minimum prices of
bids to sell one or more i1tems.
30. The method of claim 29, wherein recerving, at the
server, one or more first bid messages from the first bidder
device comprises:
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